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Paraphrasis in nonum librum Rhasae madici arabis Clariss, ad Regem 
Almansorem de affectuum singularum corporis partium euratione, 
Andrea Wesalio Bruxellensi autore . 
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1: Wauters A. quelques mots sur A. Vesala, . Mémoires couronnes, T. LV + pag. 22 Bruxelles 1898. 
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siugularut corporis partium affectuum curatione, autore Andrea Wesalio Bruxellensi Medicinne 
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Parophrasis in Nonum Librum Rhatne Medici Arabis Clariss, ad Regem Almausorem de 
uffectuum singularum corporis parti one. Andrea Wesalio Bruxellensi autare, Iierum uc 
verboram in hoc operememoral nus Index Basilae 
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1. Synger and Rabin : Prelude to modern science. Cambridie, 1946, P. LXXVIT . 
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— ALDO MLELI ; FI mundo islamico y el Occidente medieval cristiano, ESPASA- CALPE-Mudride 

- La eclosiôn del—Renacimiento.- ÉSPASA - CALPE, Madrid . 

— JOSE BARON FERNANDEZ : André Vesalio :C. S. 1. C. Madrid 1970 . 

- PIERRE ROUSSEAU : Himoire de la Science. Librairie Fayard. Paris. 

— SIMON HAIK : Traduceiones medievales y su influencia : Editorial de la Universidad Complutenee. 
Madrid 1981 
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SUMMARIES OF ARABIC ARTIOLES n7 


France in 1520 and finally in Basile, Switzerlend in 1544. Meanwhile, the ninth 
article has been published alone in Venezia in 1483, 1490 , 1493 , 1497 , and in 
Badova in 1480 under the ame of Nonus Almansoris, de Curationes Aegritu- 
dinum Qui Accidunt À Capite Ad Pedes. 


A great doctor named Andrete Vesalius, who his waked up the Anatomy 
of the middle ages after a long dream , is also an anatomist who bas been 
born ii Bruxele in 1514 and studdi+d in Louvain, Belgien . and lnteron in 
Paris, due to the instructions of a friend of him. In the University there was 
a doctor called Sylvius who has got a good fame for his works that always 
marked the line of Galen in a blindish way. ard who beleived thut the mis- 
takes of that where in a matter of fact duc to the iucomplete mennseripts 
written in the Greek language or due to the incorrect translations of the 
Latin language. Sylvius thinks that the misunderstandings between what 
Galeu have said and what really has been discovered later on is due to thr 
corruption of the human bieng. 


Vesalius became the doctor of the Emperador Carlos V and then the 
doctor of his son Philip IL. He worked in the dissection of the bodies for whut 
he was condemned by death as well as Miguel Servatius, but the intervention 
of the Prince Philip made that Lie sentence being changed to pilgrimage to 
Jerusalem. In bis returr he met with à storm which lead him te the shore of 
Zant where be died in 1564. 


His doctorate written in latin under the name : Parafrasis In Nonum 
Librum Rhazue ox the description of the ninth article of the book of Raï, 
the book has been published later où many times during the Renzissanse the 
most importaut in Basile in 1537. 


The baok contained also a poem written to Vesalius by one of his lrivude 
called Jodocus Velsius in which he admires the arabie doctor Räzi and his 
valueous works to the human being end aceuses the translaters hu had little 
experience and who made the reuding of Räaï seem boaring and unlikely 
while the beck and works of Veraliur skewed te importance of Räri ard 
made more likely the readings of that doctor. 


The book known as the explanation of the ninth article of the Mançuri 
written by Räzi is considered as the introduction of the book of Vesalins which 
was very famous and which has appeared in 1543 under the rame : De Hu- 
mani Corporis Fabriea or The Composition of The Human Body . 


ilé SUMMARIES OF ARABIC ARTICLES 


Qatäjants , al - Quea ul - Tabéiyah , Fianna Quua al - Nafs tabi'at li- Misäj 
al- Badan, Fi ma Yaagidu-hu Roy'an, Manäfi al: A'&, al- Minä, 
al. Mayamir, and al- Nabd al. Kabir . 


Passages are vlso to be found iu the Shukük from some works of Razi 
the originale of which have been lost. such as Sam” al + Kiyän, Fi al- Radd ‘olà 
al - Sarakhst fi Amr al-Tam al - Murr, Fi anna Markaz al + Ard Yanb® ul- 
Bard, Fi Kayfiyat al-Abyär, Fi al Azminah wa al- Aloiyah, Fi Kayfiyat 
al Jghiidh®, Fi Wujab al - Istifragh fi Auail al-Hummayät, Tkhtisar K. al. 
Naby al. Kabrr, Fi al Bakih ‘ummä Qila fi K. a+ Ustuqussät wa - fi Tabr'at 
al- Insan, Ma Qaülat ol: Qudamæ fi ol- Mabadi wa- al- Kayfiyat, Ft Jauw 
al- Asräb, ol- Nafs al - Saghir, ul- Nafs al Kabir, Fi‘Ilah allati Sära ul. 
Kherif Mumridan, Ft el-"Ilah allatt Yadiq al- Nagar fi al-Nür wa Yattasi’u 
Ji al-Zulmah, Fi al-Ladhdhah, Fi ma Jara baynahu wa - bayn Shahid al. 
Balkt fi al-Ladhdhah, and Fi Migdar ma Yumkin an Yustadrak min al- 
Nujäm * ind man Qäla anna-ha :  Nätiqah rea- niau lam Yugal dhälika. 


The value of the Aitab al- Shukük as a source for the works of Galen 
and al - Râzi is inereased further stil by the fact that both Hunayn ibu Ishaq 
and Birüni only give iu their fihrists the names of various works, without an 


indication of the medical and phüosopbical topics to which they address 
themsclves. 


Räzi and Vesalius 


Smon Hayer 


Ts Abu Bakr Mubammad ben Zakaria Al. Räzt (865 - 032) the best 
doctor of his sge, he has a buuk titled + AL Tib AL Mungurt, wrote it to the 
Prince Mangur ben Ishag ben Ismcil ben Muhammad, chief of Khurâsan, in 
an abrovisied murer. The book is of ten articles, of which the most impor- 
tant to us ik the ninth : The illuesses that happen frou the head to the foot . 


The article was known is: the Middle Ages by the nome of Nous Alrrene 


soris which deals with the different illnesses of the body. 


The book has been translated to the Latin by Gerardo de Cremona: 
Toledo, Spin, in the second half of the twelfth century and the translation 
bas been published in Milano iu 1481 and iu Venezia in 1497 and in Leyon, 


Summaries of Arabic Articles in This Issue 


Al-Razi’s Kitäb Al-Shukük "AIG Jälïnus 
Meuvr Monacueon 


Muhammad iba Zakariyah al-Räzi vas one of the greatest scholars of 
Islam . Although scholurs in the last century have conceutrated more on his 
philosophy, al-Räzï was in fact originally best koown for his medica cod 
pharmacology . Al-RäzTs eminence is attested by the fect that Abü Rayhän 
al. Birüci, despite the fact that he was opposed to al- Räzt , compused a biblio 
grapby of his works, 


Al- Räzi was one of the first Islamie scholars to turn bis attention to the 
works of Galen and 10 make use of them. He even reféres te works of Galen 
found neither in the bibliography € Hunayn ibn lehäg ner in Galen’s wn 
autobibliography. Al- Räzi followed the views 01 Galeu not only in his medica. 
but also in philosophy and ethics. 


Al- Räzï had thus read all the most important works of Galon. and it 
is on this basis that he wrote the Kttüb al + Shukük, His‘ doubts*® concern pas- 
sages in various writings, and inconsistencies in verions matters, Al- Biruni 
records the title of al- Räzï's work as al - Shuliük * alà Jälinüs , \chile Tbn Ab 
Usaybi‘ab calls it al + Shukük iva- al + Munägadät allati fi Kutub Jälinas . 


In the Shukük Räzi sets down some of the medical axd philosophical 
pronouncements of Greek philosophers such as plato, Aristotle, and Hippoc- 
rates, as well as Themistius, Empedoclus, Divcles, Thales. Asclepiades, and 
Erasistratos, \vbile also mentioring such Islamic scholars as Hunsyn ibn 
Isbäq and Muhammad ibn Müsä. He makes reference to * a distinguished 
aud noble man” man with whom he used to read the works vf Galen - but he 
does not give the name of this person, The works toward which al. Käzï direrts 
bis * doubts ” are among the most importaut of Galen's \ ritin:s, end include 
Arà* Bugrät tva Aflälün , al. Akhläq, ale lduriyah al. Mufraduh, cl - Usruque- 
sat ala Rey Bugrât Asnaf al-Hummeyat , el V'dn' al-Alimah ; ul-Aghdhivah. 
alimräd al -Hadduh, ol -Buhrän, al -Tajribah el-Tibéivuh. Tedbir al4gia 
Tashrih ul- Hayawan . Tofsir R. al-Bugrat Ji Tabiet alinsan, Tofsir 
Kitäb al Fusül  Taqdimat al. Ma‘rifoh. Haraai ie *Adol, Hilar «le Birr 
al-Dhubal, al-Ra*shah wva-al.Näfid, al-Sand'ah Saghirak, ele" Ilal veu » al - A'rêd 
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14 BOOK REVIEW 


— Escorial 915 ( dat . 4. September 1314 span. Âra = 1276), 138-119" (euro- 
päisch gezählt, im arabischeu Sinn gegenläufig ) - 
Paul Kunitzsch promovierte 1956 an der Freien Universität Berlin. 
Er vertiefte seine Forschungen in Güttingen ; Kairo und Küln. Seit 1975 ist 
er Professor an der Universität München . 


Einige Seiner Verüffentlichungen + 

= Arabische Sterneunameu in Europa. Wiesbaden / Deutchland, 1959 . 

= Untersnchungen zur Sternnomenklatur der Araber, Wiesbaden / Deutsch 
land, 1961 . 

= Ibn as-Salah : Zur Kritik der Koordinateniberlicferung in Sternkatalog 
des Almagest, Wiesbaden / Deutschland 1975 . 

- On the Mediaeval Arabie Knowledge of the Star Alpha Eridant, J. H.A.S. 
Vol 1  Aleppo / Syrien. 1977 . 


Dr. Sami Chalhoub 
LH.A.S. Aleppo University 


Book Review 


Der Sternkotalog des Almagest. Die urabisch- mittelalterliche Tradition 
von Clandius Prolemäus 

Die arabischen Übersetrungen . 

von al-Haïuÿ u. von Ishäq in der Beurbeïtung durch Tabit. 


1ns Deutsche übertragen u. beurbeitet von Paul Kunitzsch, Verlay Otto Har- 
rassowitz - Wiesbaden / Deutschland - 1986, umfast 344 Seiten . 


Rezension Dr. Sami Chalhoub 
Band 1 : Arabischer Urtext und deutsche Ubersetzung 


Sternkatalog - 1025 Sterne - angeordnet in 48 Sternbildern, mit Besch- 
reibung ihrer Stellung innerhalb der Bilder und mit ekliptikalen Koordinaten 
verzeichnet . 


Damit wurde orstmals das arabische Textmaterial, dec Grondlage 
für den Sternenkatalog ( seit dem späten 8. Jakrhundert) zugänglich gemacht. 


Für die Geschichte der Astronomie in der arabischen Welt war 
der Almagest ein fandamentales Werk . 


Inbalt, Form, Theorien, Methodeu, Termininologie und Nomenklatur 
haben die arabische islamische Astronomie grandlegend geprüat : 


Auch für Europa war der Almagest die Grundiage der Astronomie 
durch die Übersetzung von Gerhard von Cremoua. 


Benutzte Handschriften : al- Haÿgäg 
— Leiden, cod. or. 680 (vor 615 H = 1218 / 19), 111 — 125", 
- London, British Libress Add . 7475 (dat. Sa‘bän 615 H — Oktober 1218), 
15* — 36" 
= Escorial 914 (nicht datiert), 74° 02 . 
= Paris, B. N. hebr. 1100 ( dut, 1475), 88° - 104' ( arabiseh, in hebräischer 
Halbkursive) . 


isbäq mit den Verbesserungen vo  Täbit 
- Tunis, Bibliothèque Nationale 07116 (dat. Gumädä 11 478 H = Okteber 
1085) , 117 - 134". 
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To Contributors of Articles for Publication 


in the Journal for the History of Arabic Science 


1. Submit the manuseript in duplicate to the Institute for the History of 
Arabic Science. The text should be typewritten, double-spaced, allowing 
ample margins for possible corrections and instructions to the printer. ]n 
matters of paragraph-indentation and the indication of footnotes, please 
follow the style used in this journal, 

2, Please include a summary — if possible in Arabie, but otherwise in the 
language of the paper — about à third of the original in length. 

3. Bibliographical footnotes should be typed separately according to num- 
bers inserted in the text. They should be double-spaced as well, and they should 
contain an unabbreviated complete citation. For books this includes author, 
full title (underlined), place, publisher, date, and page-numbers. For journals 
give author, number, year, and page-numbers. 


Examples : 

0. Neugebauer, À History of Mathematical Astronomy (New York: Springer, 
1976), p. 123. 

Sevim Tekeli, “Takiyüddin'in Sidret ül-Müntehé’ema aletler bahsi”, 
Belleten 25 (1961), 213-238. 

After the frst quotation, if the reference is repeated, then the author's 
name and the abbreviation op. cit. may be used, Alternatively, the books 
and articles cited may be collected into a bibliography at the end of the article, 
according to the above format, s0 that reference may be made to them in the 
footnotes by author or short title. 

4. In the transliteration of words written in the Arabic alphabet the fol. 
lowing system is recommended: 

",b,t,;th,j,h,kh,d,dh,r,z,s,s#h, 
du We pe où de à Je 
sd,t,z,",gh,f,q;k,l;m,n,h,w,ys 
wub hp E à 8 4 J se 6» ss 
Hamsa at the beginning of a word is omitted in transcription. The läm of the 
Arabie article before sun-letters is not assimilated (thus al-shams and not 
ash-shams). 
For short vowels, a is used for fatha, à for kasra, and u for damma. For 
ong vowels diacritical marks are drawn over the letters: à, ï, &. The diphthong 
aw is used for ‘,'and ay for ‘s. Long vowels before hamzat alwasl are printed 
long (thus “abÿ'l.Qäsim” and not “abu'l-Qäsim”). 


JBN SINA'S PSYCHOLOGY AND DANTE'S DIVINE COMEDY pui 


active intellect 2° but despite this difference there is one word in Dante 
which reveals the Arabic origin . He says that the soul ” becomes speaking *” 
(' divenga fante ”, v. 61), and this must be an unsuccéssful rendering of the 
term n4fik (°° rational  ) 


Ibn Sinä extends his psychology even 10 the heaveuly spheres which, 
according to his opinion ; have souls that are aiming in love at their first 
cause, i. e. God, generating in this way their constant circular movement . 
Christian theologians like William of Auvergne (died 1249) rejected this as 
ridiculous.* But Dante in his poetic fiction developped this Avicennian 
idea still further . After oseending through the sphéres ard coming near to 
God he suddenly begins to revolve around him in the «ame manner as a star 
{Paradise XXXIIT, 140 — 145 ).2 


So Dante may be regarded as a witness of a very broad reception of 
Ibn Sinä in the West, which went beyond the limits of the universities and 
was not affected by the polemics launched against him from the chairs of the 
universities . He was one of the most prominent figures of our common cultn- 
ral heritage. 


20. Davidson (sec above note 12), p. 158 : À — M. G 
luence un Europe médiévale, Paris 1951, p. 46 - 49 . 

4, L. Gardet, La connaissance mystique chez Ton Sinà et ses présuppoués philosophiques ( Mémorial 
Avicenne 11), Cuiro 1952 , p. 3h - 38. 

22, Cf. R. Palgen, Dante und Avicenna, Iu: Anseiger der Oesterreichischen Akudemia der Nissensch fe 
ten, phil. hist, KI. 80, 1981 , p. 159-172. 


on. La philosophie d'Ivicenne et son énfe 
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himsolf Las clearly indicated. So she corresponde to the third friend and to 
the lower part in Platonie and Avicennian psychology . The lion is a symbol 
of the wrathful pert, and Abraham ibn Era had compared him expressly 
with a lion,“ as did Plato in bis dialogue The Republie.® Now the first 
animal, the female pauther ; must have something to do with falschood and 
déception, us becomes clear from an allusion in Inferno XVI, 108, and there 
are other parallels in popular animal lore that point into the same direction 16 


AU the porallels between Tbn Sinä's tale and that of Abraham ibn 
Era and Dante’s Comedy are much more closely related to euch other than 
Those produced by Asin Palacios and Cerulli . and they cannot be the result 
of mere chance. Now we might also expect that some of Ibn Sinä's basic 
tenets reappear in the Comedy. 


In Purgatory LV, 1-11 Dante dissociates himself from the opinion that 
there exist three separate souls in man, and some commentators took this 
as a refusal of the whole Platonie tripartition of the soul, But I think we have 
here instead an allusion to a chapter in the Kitab al-shifa” , where Ibn Sinä 
draws a sharp distinction between the tripartition of the one sou! and the 
existence of three separate souls in one body? This part of the Kütab al. 
shif& was accessible in Latin translation. 


In Inferno II, 18 the souls in hell are described not simply as sinful 
but as those who have lost "the good of the intellect ” (” il beu de l'intelletto”). 
This reminds us of [bn Sinä’s idea that the eternal happiness of the immortal 
individual soul is dependent on the link that she could establish with the 
active intellect during her life on earth and that her punishment in the other 
world consists ju the deprivation of the knowledge of the intelligible subs- 
tances 14 


In Purgatery XXV, 47-15 Dante describes the development of the 
human embryo out of the sperm of the father and the blood of the mother 
in accordaree with Aristotle and Ibn Sinä* But \vhen matter reaches the 
necessary perfection, then God. "the first mover ‘, intervenes from above 
making the embryo a real human being. Ibn Sinä allots this function to his 


1 


Greive (are above note 7), p. 153 (V2 102). 

IX, S88d — S89b . the rame in Galeu. On the doctrines af Hippucrotes and Plaio, ed, and transl. 

by Ph, De Lacy (Corpus Medicorum Grarcorum V. 4 ; 1, ©). Berlin 1078 84 . vol. 2, p. 369. 

16, Strohmaier: in x Deutsehes Dante - ahrbueh (see above note 6) . pe 198 - 199 à ef, alen Aristotle 
History of anima Gala 14 

17, Alshifa®, alpobisiydt, 6. al-nafs, cd. G. G. Anawati and Satid Zayed. Cairo 1975, p. 221 - 224 . 

14. Davidson (see ahove note 12), p. 172 175, 

19. U, Weisser, Zeugung, Vererbung und pränatale Entyicklung in der Medisin des arabisch- isla- 

misehen Mfitelaliers, Exlangen 1983 . 
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until now defied all efforts of the cemmentators. But a look at the introductory 
vision in the ” Khay ben Mekitz ” proves to be helpful.® Here Abraham 
ibn Ezra has not changed very much against Ibn Sinä. The narrator is wal- 
king in the fields together with three unpleasant friends . The fret going in 
front of him is a liar, who mixes the truth witb falsehood, nevertheless the 
narrator is dependent on his informetions. The vext friend, who gocs to the 
right, is often in anger ; the third, who goes to the left. is always greedy. 
These two are easily to be identified with the lower parts of the soul in Plato’s 
psychology, the so-called spirited part ( 10 thymoeides , al-hkinva al-ghadabiya ) 
and the desiderative part (to epithymotikon, alfa al-shaheäniya ). The 
narrator himself is the rational part ef the soul ( to logikon, al-kmva al- 
“akliya ). But who is the first friend, the liar? He represents the complex of 
the so-called inner senses (al-havêss al-bâtina) which are located in the vent- 
ricles of the brain and which have the task of combining aud storing the sense 
data coming from the sense organs . This doctrire seems to be in this partiou- 
lar form Ibn Sinä’s own invention ; and it became so famous that we find it 
again even in the ” Arabian nighis in the words of the learned slave-girl 
Tawaddud .* The sense data coming from without are liable to distortion 
and false combination by the inner senses , therefore this first fricr d is called 
a liar. True knowledge comes directly from above, from the active intellect 
who gives matter its forms and who bestows these same forms directly upon 
the human intellect. In this way the reliability of human knowledge has its 
ontological basis? In the field the four friends meet a sheikh with a shining 
face who greets them kindly. His name is Hayy ibn Yakzän and he is the 
personification of this active intellect. In Ibn Sinä's version he tells very 
much shont his functions and his knowledge ; but he refuses the wish of the 
narrator to take him with him into (be regions of the invisible world. He 
declares that this is impossible s0 long a4 one is in the company of these had 
friends , i. c. 80 long as he is in this life. But in Abraham ibn Ezra the narrator 
is able to join the active intellect so as to begin a journey with him. Dante 
follows this patteru ; but he has replaced the allegoric figure of Hayy ibn 
Yakzän by the wise Roman poet Virgil aud by his beloved Beatrice , whom 
an Italian commentator of the last century has already identified as being 
here a symbol of the active intelleet.? The three bed friends are also present 
in Dante. but in the disguise of three wild beasts . Here the narrator first passes 
by a lonza, a female panther, then by a lion. then by a she-wolf, before 
meeting the spiritual leader. The she-wolf is a symbol of greed. us Dante 


10. Sbid. , p. 149 - 133 (wv 12-181). 
11. Ed, Cairo 132$ AH. , vol. 2, pe 449 . 
12. À. A. Davidson, Alfarabi and Avicenna on the active intellect. In : Vietor 3,1972 ; p. 154-427 . 


13. Francesco Peres, La Boatrice svelata, Palermo 1865. 
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that Dante revered Tbn Sinä as one of his philosophie authorities . In Inferno 
IV. 143 he gives him a place, together with Ibn Rushd, in the family of the 
ancient philosophers.6 Ibn Sinä's allegoric tale, despite its being difficult 
to understand , was widely known, also in Muslim Spain, and from there came 
Abrahant ibn Era (1092 — 1167) , the great herald of Arabic science among 
European Jewry. who spent some time of his life in Italy. He produced in his 
language au adaptation under the title Khay ben Mekits, which has the same 
meaning us Hayy ibn Yakçän (° The living one , son of the wakeful one” ) .? 
He has intradueed some decisive changes into the whole structure of the 
tale, axditis bis version which reveals the most striking parallels with Dsnte's 
Comedy, to such an exteut that some hitherto obscure passages become 
clearer.# 


When climbing the slopes of Mount Purgatorio and coming nearer to 
the summit where the garden of paradise is situated , Dante or the rarrator 
who speaks in the first person suddenly stands before a wall of fre. He does 
not dare to cross it, he is full of fear, but Virgil his leader goes first and a voice 
is heard saying ” Come, oh ye blessed of my father * (Matth. 25, 54) . and 
they come through the formidable heat unharmed. ( Purgatory XXVIL, 7 
60) Dante fails to give this fire any spiritual meaning, in the seuse of the 
Catholic doetrine of purgatory, he just describes it as a natural phenomenon. 
The sensé remained obscure. Abraham ibn Ezra has exactly the same scene*. 
It is not found in Ibn Sinä, i. e. Abraham bas added it of bis own. Here the 
narrator together with his léader , who represents the heavenly active intellect, 
is ascending through the realm of the four elements towards the sphere of 
the moon , After crossing the air, where the weather is made, they stand before 
the zone of fire. The narrator , who speaks in the first person, is full of fear, 
but his leader goes first and says to him "Come, oh ye blessed of the Lord” 
(Gen. 24,81 ), and so they come through unharmed. Here the fre is at its right 
place according to Aristotelinn cosmology, but in Dante it is somewhere at 
the upper rim of a mountain and not close to the sphere of the moon. We 
cannot avoid the statement that the great poet appears, in this particular 
instance, as a plagiator, and not even as a very skilful one. 


The first canto of the Comedy contains some allegorie mysterics that 


0 aout the quotutions in Dante" Convivio "! Munira Sbakhidi, Abu Al ibn Sinu-obitatel! 

iya (Moscow) 1985, p. 151 

1. German translation in H. Greive, Srudien sum jüdischen Nouplatonismus, Die Religiunspbilosophie 
des Abraham ibn Ezra, Berlin, New York 1973, p. 149 - 165 . 

8. G. Strohmaier, Chaj ben Mekitz — die unbekannte Quelle der Divina Commedia, In : Deutsches 
Dante - Jahrbueh 55 56 ; 1940 / 81 , p. 191 — 207 ; id. , Avicennas * Hayy ibm Yaggän "* und 
Dantes " Commedia ”, In : Aeïa Antigua Academiae S m Hungaricoe 29 , 1981 , p. 18-80. 

9. Greive (see above note 7), p. 157— 158 (vv. 64-393). 


Ibn Sina’s Psychology and Dante’s Divine Comedy 


GorrHARD STROHMAIER* 


In 1919 the Spanish orientalist Miguel Asin Palacios published his 
famous book La escatologia musulmana en la Divina Comedia .! It became 
the object of a great strife among European scholars . On the one hand the 
arabists considering the great impact of Arabic learning on Christian scha- 
lasticism found it very plausible that the Italian poet should have horrowed 
some features of his poem from Arabic literature. On the other side the spe- 
cialists on the Romance languages in Italy and outside pointed to the fact 
that similar parallels exist within the Latin literature of the Middle Ages. 
And how could Dante take notice of the works of Ibn al-“Arabi and al-Mafarris 
Risälat al-ghufrän , which were never translated into Latin ? The stale- 
mate between the arabists and the Romance scholars seemed to be overcome 
in 1949 by Enrico Cerulli who discovered that the mifrädj - legend was, indeed, 
translated into Latin and was regarded even as au important document of 
the Muslim creed second after the Qur’än.? But the great specialiste on 
Dante remained unimpressed, they emphasized that Dante depicted the 
prophet of Islam in a very unfavourable way ( Inferno XXVIIL 51), how 
should he have followed his footsteps on his journey to the other world? 


Unfortunately, a very important remark made by the Russian iranist 
Evgeniy E. Bertel's* in 1938 remained unuoticed in the West. He observed 
that the introductory vision of Ibn Sina’s allegoric tale Hayy in Yakzän‘ 
resembles to a certain extent the first canto of the Divine Comedy. And here 
we are within the framework of philosophy and not of religion, and we know 


* Akademie der Wissenschaften, Berlin . 
Paper given at the Fourth International Symposium for the H 
April, 1947 . 

LAth ed, , Madrid 1984 ( Arabic translation by Djaläl Magbar, Athür ol Film fr Kiümidi) 
Hähiya, Cairo 1980 ); ef. à. , Dante y el Islam, Madrid 1927 . 

2, 11 Libro della Scala « la questione delle fonti arabo - spagaole della Divina Commedia ; Città del 
Vatieano 1949 . 

3 Cf." my review of E, Ceralli , Nuove ricerche sul libro della Scala 6 lu conoscenaa dell’ Islam in 
Occidente, Città del Vaticano 197. In : Deutséhes Dante- J'ahrbuch 55/56, 1980/81, p. 231-340 . 

4. Avicenna à persidekaya literatura. In: Jsvestiya Akodemi nauk SSR , otdelenie obehchestvennykh 
nauk 1938. p. 80 . 

5. Traités mystiques d'Abou Al al-Hosain b. Abdallah b. Séna, ed, M, A. F. Melia, ler fase. : LA 
légorie mystique Hay ben Yaqzän, Leiden 1889 ; ef. A, M. Goichon, Le rérit de Hayy ibn Yagzën 
commenté par des textes d'Avicenne, Paris 1959 . 
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Resté enfin une dernière comparaison possible qui concerne la graphie 
des chiffres dans les manuscrits des versions latiues dont il a été question. 
Dans le Monacensis lat . 18927 (Ly) et dans le Vaicanus Palat.. lat, 1303 (LP) 
apparaissent des chiflres qualifiés d’ ” indiens ”, qui semblent beaucoup plus 
proches des chiffres arabes originaux que ceux qu'on rencontre dens les 
manuscrits latins habituellement cités qui contiennent les oeuvres les plus 
anciennes connues issues de l'arithmétique arabe :? 


Hir| a ci," [81910 
alpes 919 


Vatic. Palat. lat: 1393 


o [hl:lslalalc[slelole = 
@ sllslplwlrie)alv|alr 
wo “[l1|r|#1#l416/718l2l0 + 


(1) " Toletane figure 
€) ** Indice figure 
(8) (Tables astronomiques } 


On ne peut done espérer que les textes latins du XIIe siècle suppléent 
entièrement à la perte du texte arabe d’al-Khwärizmi, Îls en sont cependant 
indéniablement le reflet . Du point de vue historique, ils sont même irrempla- 
çables dans Ja mesure même où élaborés en Occident à une époque 
aceusait un retard considérable par rapport aux oeuvres arabes de leur temps, 
ils témoignent d'un état ancien de la science arabe qui ne peut être révélé 
autrement . 


12, Gfr A. ALLARD, L'époque d'Adélard e les chiffres arabes dans les manuscrits latins d'arithmétique, 
dans Adelord of Bath, on English scientist and Arabist of the early twelfih century ( ed. c. 
BURNETT ), The Warburg Institute, Surveys and Texts 14. Landou, 1947, pp. 37-43. 
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entiers . Il en va exactement du contraire pour les fractions et l'extraction 
deracine carrée, Ainsi, parmi les quelque 25 exemples qui pourraient être cités: 
DA LY' LA LP :2% x 2’ 
DA LY LA LP :1% x 1% 
DA LY LA LP :10":5 
DA LY LA LP :3/7 x 4/9 
DA LY LA LP :3% x8 8/11 


(DA) LY LA LP : V562: 


On peut croire dès lors que le texte d'al-Khwärizmi ne comportait pus 
d'exemples pour les nombres entiers ; mais en décrivait plusieurs lorsqu'il 
s'agissait de fractions ou de l'opération dextraction de racine carrée, plus 
délicate et utile pour l'astronomie. On remarquera de même qu'aucun texte 
ne parle de l'extraction de racine cubique, contrairement à ce qu'on trouve, 
par exemple, dans l'Arithmétique d'al-Uglidis 


Nous cstimons cependant quan moyen révélateur consiste à comparer 
les procédés eux-mêmes . La duplication des nombres eatiers en fournit un 
exemple probant 2 


U+ caractéristique présente 
DUPLICATION - caractéristique absente ) 


1. Poser le nombre à doubler dans l'ordre de 


2. Doubler chacune des positions Û 


3. Poser les unités à la place de chacune des 2 
ns et reporter les disaines à la Z3 

position suivante pa 
4. Début de l'opération par la droite ve 
5. Début de l'opération par la gauche + 
6. Procéder par addition + 
1. Preuve par médiation Æ 


8. Preuve par nent 


LY constituant le seul texte où on procède par addition, on peut consi- 
dérer que l'oeuvre originale procédait, en commençant par la gauche du 
vombre, de la manière dont ou trouve le reflet fidèle dans DA, LA et LP. 


9. Le seul exemple commun est celui de 1.800 divisé par 9 (A. ALLARD, op. eit. , p. 15 ; 120 — 121). 
Los exemples sont dans tous les nutres cas partienliers à chacune des oeuvres étudiées. 

10, A. 8. SAIDAN, op. cit. pe 315 - 327. 

11, fr A. ALLARD, À Propon d'un ulgorisme latin de Frankenthal : une méthode de recherche, dans 
Janus 65 (1978) ; p. 119 141 
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d'arithmétique qui leur sont antérieurs , on ue constate aucune correspondance 
ni dans les textes, ni dans les exemples . Il n’est cependant pas interdit de 

penser que la publication d'autres arithmétiques arabes des Xe et Xe siècles 
éclaireruit le question d'un jour nouveau. Dans l'état actuel de la question, on 
peut se livrer à quatre types de comparaisons 


La première comparaison possible vise les textes latins eux - mêmes, On 
peut l'illustrer dans la multiplication de trois septièmes par quatre neuvièmes 
où c'est la leçon courte, celle du Dixit Algorismi (DA), qui sans doute est la plus 
proche de la première traduction latine perdue 2 


Ainsi, si tu voulais multiplier 3 septièmes par quatre ueuvièmes, et si ces reptièimes et 
vièmes étaient en première position de fractions comme des minutes, tu les multiplicrais entre 
eux, et ils deviendraient dans leur position dans l'espèce des secondes, Lorsque tu veux les 
élever à un nombre entier, tu les diviseras_ par l'une et l'outre positions qui sont des septième 
multipliés par des veuvièmes . Si autre chose est et résolte de In division, ce sera un 
nombre eutier, et +i on ne peut diviser, ce +--out des parties de la même espèce que ee par quoi 
tu divises. Et trois septièmes par quatre neuvièmes seront 12 parties de 60 trois parties d'un." 


Le même type de réflexion peut être fait à propos de la multiplication 
de 114 par 114 , par le biais des fractions sexagésimales : cette fois, le texte le 
plus concis, quoique complet. est celui des versions du Liber Ysagogarum : 


Si nous voulons multiplier un et mi demi par un ét un demi, réduisons un et un demi on mi 
nutes, pour faire 90 . Et de même pour l'autre . Multiplions entre elles ces 90 minutes pour 
aire 8.100 secondes, qu'on divise par 60 pour faire des minutes, et par une deuxiène division 
par 60 on obtient 2 degrés et 15 minutes, 


Il apparaît ainsi daus un premier point que le texte de l'arithmétique 
arabe d'al-Khwärizmi, comme celui de son Algèbre que l'on connaît, devait 
se limiter à l'énoncé des règles des opérations fondamentales bien counues, 
telles qu'on les retrouve dans les ouvrages postérieurs tant arabes que latins ; 
mais là sous une forme plus élaborée et illustrée d'exemples . 


Si on compare entre eux les exemples d-nnés par les textes latins, on 
constate qu'ils ne correspondent pratiquement jamais pour les nombres 


1 Quasi nelles multiplicare TL septimas in quatuor nouenis, exsentque ille septime et nouene in 
prima differentia fractionum quasi minuta, multiplicaresque eus in inuicem, et fereut in sun dif: 
ferentia ex genere secundorum. Cumque nolueris eas subleuare ad numerum integrum, diuides 
eus per utrasqué differentias que sunt septime in nouenis, Quod si alind diuisum fuerit et exierit 
de diuisione, numerus ent integer, et sf non poterit dividi, erunt partes units einadem generis par 
quod diuisisti. Eruntque tres septime in quatuor nouents XF partes ex LX tribus partibus unius. 
Cfr A. ALLARD, op. cit. p. 22. 

8. At si üoum rt dimidiura per unum et dimidiun multiplienre uoluerienus, uw et dimidioe minute 
faciamus et ernnt 90; similiter de alia. Que inter se multiplicems erantque H100 secunda, que si 
per 60 dinidantur, ad minuta redibunt; que iterum eadem diuisione 2 gradus et 15 miauta erunt. 
Gfr A. ALLARD, op eit. pu dl . 
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(at-Khu: 
DA» Dinit Algorirsi ; 


S MNT MU) ane rue) 


Le Liber yraçogseus Aeh {traduction Latine) 
LA « Liber Aichorisei lion.Hisp.} MER LE à 
AP» Liber pulueris HET 3 
7 Es èce pd 
SES Euclide oi 
né 0 a AN POELE 
, EN AE LR ‘ 
É S 
1 


: (on) 1) atuvt) 

Test certain d'abord - on peut regretter le fait, mais il est indéniable- 
qu'aucune de ces oeuvres ne pert prétendre être une traduction exécutée 
déréctement mule teste arabe d'abKhwârismT, pas même le. Dixit Algôriemi, 
malgré son incipit particulier qui ressemble au mieux à celui des ouvrages 
arabes 


°° AI Khwariami a dit : rendens à Dien, notre guide et notre protecteur, de justes hommages 
ai lui rendent son d8 et répañdent so gloire en la faisant s'aceroître. 


Tous ces ouvrages reflètent au moins une et peut - être plusieurs tradue- 
tiens latines perdues qui leur sont antérieures et qui furent exécutées dans 
un des centres qui vit naître les premières traductions , soit le sud de l'Italie, 
soit plus vraisemblablement l'Espagne, Il est d’ailleurs rare qu’en dehors 
de son titre. une oouvre se réclame d'alKhwärizmi. Le fait se présente à 
deux reprises dans le Liber Alcherismi de Jean de Séville, une fois à propos 
de la division des fractions crdinaires , et une fois à propos de la multiplication 
des fractions ordinaires, où on trouve explicitement : 


* Crest la même chose que semble dire al-Khwärizinï à propos de la multiplication ot de la 
division des nombres entiers et des fractions, lorsqu'il propose. : :**4 


On pourrait craindre dès lors que ces versions latines, que trois siècles 
séparent de leur modèle arabe supposé, soient en fait le reflet d'autres oeuvres 
arabes rédigées par les successeurs d'al-Khwärizmi, On songe évidemment, par 
exemple, aux Principes de calcul indien (Küäb fi usül sdb al - Hind) de 
Küshyär ibn Labbän® , ou à ceux d'al - Uglidisif , ou encore à l'oeuvre d'al- 
Karaÿf . Si on compare les versions latines du XIIe siècle aux ouvrages arabes 


3, Dinit Algoriemi + leudes Déo reclori nostro atque defensori dicamus dignus, que et debitum ei 
reddant et augendo maltiplicent landem .… Cr A. ALLARD, ap. cit. p. L. 

4 oc idem est illud etiam quod de multiplictione et diuisione integrorunx et fractionum Aleho+ 
riemus dicere niderur et si aliter, cum. . . Gfr A. ALLARD, op. cit. ; pe 103. 

5. M. LEVEY et M, PETRUCK, Käshyär ibn Labbän. Principles of Hindu Reckoning, Maëicon, 1965. 

6. A.S. SAIDAN, The drithmetie of Al Uglidisi, Dordrecht, 1978 . 


La Diffusion en Occident des Premières Oeuvres Latines 


Issues de L’Arithmétiqe Perdue d'AL-Khwarizmt 


ANDRE ALLARD* 


La diffusion dans l'Occident latin du calcul indien hérité de l’arithmé- 
tique arabe et lié par son nom même d’algorisme (algorismus ) au pre 
auteur arabe, al-Khwärizmi, qui eu écrivit les principes, peut être envisagée 
sous plusieurs aspects . On peut s'étonner d'abord de la lenteur de cette dif- 
fusion, puisque trois siècles séparent la rédaction arabe aujourd'hui perdue 
des plus arciens témoins latins qui en conservent le reflet. Plusieurs causes 
peuvent être envisagées. Certainement d'abord une longue tradition médié- 
vale du ealeul sur abaque et du caleul digital. Sans doute aussi la difficulté des 
rapports entre le monde musulman et le monde chrétien, On peut rappeler la 
phrase fameuse d’Ibn °Abdün à la fin du XIe siècle à Séville : 


‘Une faut pas vendre des livres de science aux Juifs et aux chrétiens... parce qu'ils voudront 
traduire ces livres de science et les attribuer aux leurs ou à leurs clercs, alore qu'il s'agit en 
réalité d'ouvrages musulmans. "1 


Au début du XIle siècle, et pour le plus grand profit de l'Occident 
médiéval, la leçon d'Tbn “Abdün ne fut heureusement pas retenue . Toute- 
fois , la question des origines mêmes de cette connaissance reste complexe. 
Avant de tenter un rapprochement quelconque avec l'ouvrage perdu d'al- 
Khwärizmi, il fallait d'abord résoudre les problèmes posés par les manuscrits 
latins , leurs filiations et leurs rapports : Contrairement à ce qu’on pensait 
généralement , il existe ron pas deux ou trois, mais sept traités latins écrits 
dans le premier quart du XIIe siècle . Leurs rapports entré eux peuvent être 
schématisés de la manière suivante : 


*FNRS. , University of Louvain, Belgium 
Paper given at the Fourth International Symposium for the History of Arabie Seience, Aleppo, 
April, 1987 . 

1.E. GARCIA GÔMEZ, Sevilla a comiensos del siglo X11, Madrid, 1948, p. 173, Texte cité par M-T, 
d'ALVERNY, Translations and Tranalators (R. L. BENSON ct G. CONSTABLE, Renaissance 
and Renewal in the Tuelfih Century) , Oxford, 1982, p, 440, ,n, 79 . 

2. Sous réserve d'une découverte, toujours possible, d'une nouvelle oeuvre latine ineoanue. l'étude 
des premiers algorismes latins du début du XIe siècle est aujourd'hui terminée. Les différentes 
versions sont en cours de publieation + A. ALLARD, Al-Khuôrismf. Arithmétique. Les versions 
latines du XIIe siècle, Louvain- Tunis, 1987 . 
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It is still necessary to explain wby the authors of the uma” genre did not 
Jay claim to their synthesis . Why did they insist ou reading back the formal 
concept of the lanar zodiac into the liminal period before Iélom ? Despite 
an intense iuterest in the philology of the ana’ tradition , there was a general 
reluctance to probe into the origin of the amwa* … Abü “Ubayd once remar 
* T asked al-Agmati about (the star mijdäh ). but he did not say anyt 
about it and was loathe to see anything good from the anrcà’ system, 
AL- Damiri related a similar tale 2% 


<Abd - al. Hakam relates that when *Umor b. ©Abd - al - Ass started from 
al Madmmah, there vas a man belonging to the tribe ef al-Lakhm with him, 
who related, ** I looked up and sav the moon in the Fourih Mansion ( i.e.. 
Aldebaran), but did not like to tell him s0; so 1 said to him, *’Do not you see 
how beautiful the moon is 10 + night 1° upon which “Umor looked up at 
her (sic) and seing her in the Fourth Mansion replied. * As if you wanted 
to tell me that she is in the Fourth Mansion . but we stert naîther by the 
sun nor by the moon, but by God the only One, the all. powerful : 


These two anecdotes suggest that the pagan charäcter of the enr * was sa 
well known that Muslims were reluctant to refer to them . Thus, it was neces- 
say in describing the anwa* 10 cleanse the concept of its pagan association 
in order for the am’ to be a suitable subject for Islamic scholars . 


TZ submit that the anwa” were cleansed in two ways . First, the variant 
Star calendars relating to the periods of rain were unified in the neutral frame 
of a lunar zodiac . Second, it as necessary to assert that the practical element 
of the amoë as a reckoning system ordained by God existed in pre-Islamic 
Arabia independent of its use in pagan invocations . The concept was justified 
as Arab because it was a harmonization of Arab star lore ; it became distinc- 
tively Islamic because the pagan and magical elements were exorcised . As a 
result we have only fragmentary information où what stars were in fact amwca” 
and how the system wus used before Islam . To the earliest generation of 
Muslim scholars it was not necéssary or expedient 10 describe the anw&' in 
full. As modern historiens of science we are unable to reconstruet tbe pre- 
Islamic usage of the antré with any precision . Yet there is a value in looking 
beyond the coucept to the ways in which it has beeu formulated and commue 
nicated, for thisis where the distinction between science and folklore must be 
drawn : 


104. Quoted in al-Mar#fiqñ, 1 : 159. 
10%. ALDam, Hd Daméri's Huyat at. Hayawën {À Zoolorisal Lexicon } . ( Landon, 1906 — 1908) ; 
ET 
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IE would be tempting to say that the concept of man&sil al- qamar was 
simply borrowed from India and Arabired by incorporating Arabie star 
names and love into it. To say that the lunar zodiac, of which there are many 
variants, is not indigenous to tribal Arabia is not 10 say Uhat its formal 
definition in Arab Islamic scholurship was not distinctively Arch and Islamic. 
The lunar sodiue, like the solar zodiac of twelve sigrs, spreud throughout à 
number of enltures as a coherent fréme for defining Che cosmos. The idea of 
the zodiae was but the skeleton: the features which made the concept distinc- 
tive were the flesh and blood of Arab star lore , 


The concept of amd” as equivalent to the iventy - eight our stations 
is both Arab and Ielamie . As a scientific concept it cam into existence only 
when the variations within the oral Jore of Arabia were fused 10 the unifying 
frame of a lunur zodire. The early Idlamic scholms, who hupcd define the 
direction and components of Islamic science . forged euncepts by cembirirg 
the Legacy of previous scholas in other cultures with their cun distinctisé 
traditions . The folklore was Little nroxe than an undiflérertistté mas of 
iuformetion | a universe of partieulis with no singe, cchoat fiome of 
referemce . These scholars approached the am not as the scientific product 
of a certain generetion . but an evident truth abent the cosmos. As part of a 
cosmic scheme deemed to be basic to Islam , the Muslim scholer would have 
expected such à concept to be known Lo enrlier scholars and prophets . [bn 
Mäjid noted that the prophet Daniel was credited with 4 baok on the manäil 
al + qamar and the burdj. Certainly Hermes, the thrice- wise sage of old, or 
Seth, the patron patriareh of astronomy ; would have known such a concept. 
The fact that information collected from the Bedouins and their poetry was 
full of contradictions and variant traditions could not invalidate a belief 
that the Invar stations were ordaîned by God as à guide for men . 


Lt is not that eady Muslim scholars sought to déliberately misleud; 
rather ; they participated in a milieu in which science vas concerned with the 
harmonization of information within an avowedly Islamic framework. In 
this respect a scholar like Tbn Qutayba, who us not in fact an astronomer, 
wanted to describe the anna” without reference 10 the influence of fo: 
philosophy or scholarly astronomy.® His goal was to make sense of what 
the Bedonin did and this was accomplished not by a critical assessment of 
the duta but by harmonisation. it \vas aesumed that the conflicting informa- 
tion was a result of the Bedouins” ignorance in not seins the lurar stations 
as part of a cosmie scheme set in motion by God and validated by carlier 
scholars . 


103. Ibn Qutaybu, pe 
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Science and Folklore 


The issue of the origin of the anwed” in Arab tradition highlights a funda- 
meutal problem in reconetructing the history of scientific concepts. When we 
slide back along the scientifie acale Lo reach the ultimate origin of & concept, 
eventually we arrive at that liminal and undefined point where science emerges 
from mere lore. Unfortunately, it is precisely at this poict that the evidence 
usually eludes ns. As bistorians of science we are reliant for the most part on 
texts. Early Muslim authors provided an analysis of tbe anua and in th 
process proserved samples of pre-lelanie poctry and lore. Yet we know almost 
nothing about the people who actually used the anna’ and only fragmentary 
glimpses of the use to which they were put. 


There is a danger in relying so much on a textual tradition that the 
® prehistory ” of an idea — as it reverberated in men's minds and ou their 
lips — is not only lost but, by definition, insignificant, The history of the 
concept becomes ouly the history of what learned men have recorded about 
it for posterity. Equally . it is unwise to rely to0 heavily on analogy from 
contexts we can observe . Ethnographie data on star calendars among Arab 
tribes can help us understand if a particular calendar is practical or relevant , 
but we cannot assume it has remained unchanged er is representative for a 
similar context some fifteen hundred years earlier. 


In this study 1 have attempted to sift through the variety of conflicting 
information and variant records on the anwd … There is no reason to doubt 
that a system of stars linked with rain and other phenomena was developed 
in Arab tradition. However, there is no compelling evidence to think that anÿ 
specific Arab tribe or community followed a Iunar zodinc of twenty - eight 
asterisms . There is in fact no origin for the am’ no distant Arab tribesman 
who hit upon the idea on a remote, star - lit night in the desert . There were 
no doubt many star ealendars suited to particular needs, some practical and 
others magical . 1t would also appear that the meauing of the and’ as under- 


stood ns à pagan and unlslamie system, à system that the prophet himself 
coudemned. 


The formal scientific concept of the mandsil al-qumar can be traced 
back through the literature ; but not to a single, nitimote source . We may 
be able to discover the first texbual reference Lo the concept ; but far too many 
works have been lost to be definitive . The evidence is clear that certain ele 
meuts of tbe Islamic scientific concept of the stations were taken from India 
and perhaps from other traditions as woll , yet we do not know who was the 
first to combine these rlements with the Arab lore . 
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auspicious of the ana”, yet Aldebaran following it is cousider d the most 
detestable. This cannot be explained in terms of the rain being plentiful du- 
ring the setting of the Pleiades but being absent or hurmful during Aldeba- 
ran. L would suggest that Aldeboran, referred to us mijdah in pre: Islamic 
usage, may have figured prominently in pagan rites of divining rain. 
AL- Marzüqi in fact deseribed it as a star associated with rain.# Umar ibn 
al Khat{äb once referred to majadih al - sam in a rain invocation (istésqd") 2 
When be wns criticized by his fellow Muslims for referring to such a pugan 
naw*, be had to justify the use as oppropriate and not legitimiring the divi- 
nation by the amd". fit was so necessary 10 explain his use of the term, it 
must have been because méjdäh ( majädih, plural } vas well: known as part 
of a pagan rite. When the authors of the anwa' genre refer to Aldebaran as 
detestable, they make a conscious statement about the magical uses to which 
this naw’ bad been put. 


Divining the rain and other weather phenomena would clearly have 
been an important part of pre-Islainie culte. Among the pre-Islamic Bedouins, 
as among recent Bedouin tribes, knowledge of rain and hence pasture would 
have been vital for prosperity. Ibn Qutayba quoted verses concerning the most 
favorable times for rainfall." The most favorable time was said to be at 
mid-month, i . e. . the full moon; the first night in which the new moon is seen 
(ie , ghurra ) was also considered favorable for rain . Among some Arabs it 
was considered to be an inauspicious time to travel when the moon was in 
Scorpio ( agrab } . This is apparently a reference to the so- called “agarib of 
winter as determined by the new moon being seen in Scorpio during the cold 
winter months/® While references to fortune ard the anw@' or man&zil 
are common, it is often difficult to determine what stems from Arab lore and 
what has been borrowed from India and other cultures. 


The conclusion is ivescapable that the amwa° refer to a system of rain 
invocation that saw the stars as influential in bringing the rain. It would be 
wrong to think that all pre-Islamic Arabs followed such a system or were 
willing to accept it, Yet, it is equally wrong to assume that pre-Islamic Arab 
tribes so dependent on the rains would have looked to the stars simply as 
markers of when a rain might occur, The impression given in the amd genre 
is that one can isolate a reckoning system based on twenty - eight anwa’ from 
a variety of conflictiug and often magieal lore on the stars. Thus. the origin 
of the amtoë has been filtered for ns by a generation of scholurs who were wary 
ofthe magical and unlslamie use of the stars by their pagan ancestors. 


99. Ibn Quayba, p. 37 : recorded à haditk on méjdié ne à man for rain 
100. Al-Marzüqñ, à : 179. 

101. Ibn Qutayba, pp. 180— 182. 

102. For this Lerm, see the discussion in my fortheoming The Medieval Agricultural Almanae. . . 
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pagan error along with defamation of ancestry ( {a‘n fi al. ansab } and lamen- 
tation ( niyäha ). The prophet argued that those who said they were rained 
upon by a certain star were attributirg the power over rain 10 the star and 
not to God and this had to be condemued in the strongest terms.® This 
echaëes à major theme in the Quran that the people of his day had rejected 
God and ascribed His power to idols and Nature itself. 


Abu “Ubay d said that the Arabs in the Days of lgnorance (Jahiliya) 
would attribute rain or Wind to the influence of certain stars, saying ‘we 
were rained upon by the new’ of the Pleiades, Aldebaran or simék, "In 
his compeudium on religions avd sects, Al-Shahrastänt deecribed the anua 
as a practice of the pre-lslamic Arabs associated with diviners .# Certain 
idols set up ia the ka‘ba were in fact prayed to for rain.% There is even evi- 
dene of a rain eult associated with the sacred geography of the ka‘ba in 
wbich the rain reaching a certain door would indicate plentiful rain and 
fertility fox a land associated with the location of that daor%% We are aleo 
told that certain of the stars, including the man&il, were worshipped before 
Tslam.®? , 


The amv must be understood first and foremast as a system of divi- 
ning rain. The strong condemnation by the prophet suggests that such a sys- 
tem of rain invocation had become engrained at Mecca and may have center- 
ed on sanctuarics such as the ka‘ba. Al-Marzüqi remarked that the and” 
were also believed to have influence over other aspects of life. Some of 
the Arabs, he claimed, exceeded proper bounds in their oaths by the anuë' 
and attributed events to their influence until they deluded themselves into 
thinking that all fortune or inisfortune, good or evil, profit or loss was accor- 
ding to the ana”, Lu responding to their use in divining rain, Mubommad was 
condemning the wider process of making the stars into * gods” . 


The pre - Islamic poetry which has survived dues not describe this ma- 
gical use of the ana” . No doubt such verses would have been deemed offen + 
sive to the authors of the anwd” genre, Yet, it is clear that some anwd” were 
considered more favoruble than others. The Pleiades was considered the most 


91, In addition to al-BukhArt and tite standard hadith vollections. this tradjtiou can be found ia Din 
al-Ajdäbi, p. 136 , Ibn Qutayba, pe 14 ; Lisän al: Arab (article nste-"). 

92, See Ibn al-Ajdâbt, p. 136; Ibn Qutayba: pe 14 + AbQ Téhädq al-Zaÿjàj in Lisdn al Arab (article 
nas). 

93. Quoted in Lisa al-FArab (article nt‘) . 

93. AbG al-Fatab Muhammad al-Shahrastänt, Kitdb at- Milal wa-al-nafl, (Beirut, 1984) , 2 : 941 . 

95.1bnal-Kalbi in Nabik Faris, The Book af Idol: (New Haven, 1952); p. 7 + 

96. AbG Uthmän ‘Uma al-Jähiz, Kirdb ol-Hayewän, (Cairo, 1968) ; 3 + 43 . 

97. AlQuiqashandi, p. 452, Cf. the discussion in al-Shahrastänt. 

98. Al-Marñqñ, à : 178. 
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system of ayrieultural marker stars( mu‘dlim al + sirä‘a ) which parallels 
arbitrerily the twenty - eight lunar statiens.® Evidence for this calendar is 
quite recent, yet cértain stars were chosen as markers as early as the 9th 
century. The Yemeni sultan, al-Malik al-Asbraf ‘Umar ibn Yüsuf, writing in 
the 13th century observed that the amwx in Yemen were different from those 
of Syria and other areas because the timing of the raius varied aceross the 
gewerd region % My ethnographic research in a central highlard valley 
showed that while most Yemeni farmers know about a few mijor stars, only 
a few claim to know the system as a chole. In the valley where I lived there 
was in fact no division of the year into discrete units, but rather stars were 
chosen to merk only seasons of rain aud major agricultural activities. A system 
oftwenty-eight anted or a lunar zodiac would have been irrelevant to the needs 
of the farmers. 


Much of the discussion on the antd” has assumed that the system of 
twenty-eight hnar stations was a practical calendar fer pasturalists or fer- 
mers. To. my knowledge the division of an entire year into diserete (and rften 
equal } units is arbitrary ard uvrelated to a practical context. For most come 
munities it was only necessary to mark periads of local importance. Even 
50, most people probably could recognize only a few stars, with certain indi- 
viduals having expert imowledge. It is not that pre-lslamie Arab tribesmen 
vere too ignorant to comprehend a system of twenty- cight amed' or munézil; 
it would simply not have been relevant. While certain stars, such as the 
Pleiades , Canopus or Sirius, would have been useful markers 10 a bread 
spectrum of groups, { would argue that a variety of star calendars wes to be 
found . 


Rain, Fortune and the Anwä' 


The ame” genre portrays a star calendar of twenty-eight lunar sta- 
tions as a basic feature of pre-Islamic tradition. Based on 1he available l 
rary evidence and by analogy to ethnographie examples, it must be concluded 
that the amed, as a system of stars linked xvith periods of rain, wire not simply 
an Arab variont of the lunar zodiac. To trying to reconstruct the nature of the 
anua" before Telam it is important to set aside 1e claims mode by scholars 
of the genre and focus on the few fragments cf documentation available. 


The primary evidence for the interpretation of the ana” comes from the 
tradition literature of the propbet Muhammad. Although there is no reforence 
to the anwg in the Quran, Muhammad bitterly eriticird the and” ns a 


#9. D, M. Varisco, The Adoptiue Dynamies 4f Water Allocation in oi- Ahjur, Yemen Arab Hopublic, 
(Ph. D. dissertation, University of Pennsylvani pp. 554 - 516. 

90. 1 diseusé this in my forthcoming, The Medieval Agricultural lmonac of a Yameni Sulian, 
(Cambridge ) + 
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The range of pre-lslamie star calerdars recerded in the ant’ genre 
shows that ro onc system of twenty - eight anwa” was nniveréclly recognized. 
Furthermore, the seemingly arbitraiy Ft between the stations end seasous 
or rio perieds suggests that the Arab tribes were not aware of the full contin- 
gent of uuar stations. While reference is made 10 the conjunction of the moon 
aud the Pleiades, there is no reference iu the poetry or soyings 10 the general 
stationing of the moon in a different asteriem esch nigbt, Firally. it is clear 
that both the settings and risings of certair stere , vot always of the lanar 
stations, were cited as markere. 


The textual evidence is tou fragmentary to reconstruct an actual star 
calendar of a given tribe. The early uthors of tke amie’ genre were not ethe 
nographers faithfully documenting a traditien of lore ard its varionts, It 
is useful, therefore, to look at the types of star calendars actually used by 
contemporary Arab tribes. Jt should be noted that in soie cases the tribes- 
men may have absorbed elements of the formal concept of manäsil, but such 
sophistication is rarely encountered. 


Information on the stars linked with rain periods emong the Rwala 
Bedouins was collected early in the century by Alois Musil.4? Musil recorded 
that the Bedouins began their year with the rairs associated with the risirg 
of Canopus in October. This was the scason of safari and the rain was called 
wasm. This is remarkably similar to the Canopus calendar recorded by Ibn 
Qutayÿba. After forts nights the Rwala observed the evening rising of the 
Pleiades, followed by the rising of jauz@ (Orion or Gemeni). Both of these 
stars were said to reign for twenty-five days sach, Winter (shita) was heralded 
by thé evening risixg of Sirius avd lasted for forty nights. Simak was the 
star associated with the next fifty days, followed by the spring (sayfi) rains 
in mid - April. The four hot months of summer were referred to a6 qayz and 
included no rain. 


The Rwala calendar, wbich is similar in mauy respects to that of the 
Sinai Bedouins;®® shows that both morning und evening ge of stars 
were eited ns markers, The stars used as markers were uot limited to the for- 
mal lunar stations but were chosen Lecanse (hey coincided with the general 
üimits of each seuson . As the rains were vot of the same duration or timing 
evers year, nor over a wide area, the seusons and vain periods represented a 
general sequence and not a eulendar fving the same date year after year. 


En hishlond Yewnerr the tribal furmers leve lcoked to the stars for cen 
turies in werking rain periads and egrieultural activities, Ore fix ds toduy à 


Aloïr Muuil, The Manners and Custons uf the Rwala Bedouins, (New York, 1938) . 
48. Clintou Bailey," Bedouiu star-lore in Sinai and the Negev, ‘* 8.8.0. 4.8. ; 194,97 : 580- 596. 
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when these two conjuneted ou the ffth day after the hilal.® This Pleiades 
calendar has survived emong tribal groups in Palestire.® Yemen® and 
Afhanisten.® In Yemen a period of nine months is suid to commence 
when the moon and the Pleiades sré linked at the uinetcenth day after {be new 
moon in antumn until the Pleivdes is said to dieappear in April. These months 
were referred to by an odd number representing the days elapsed between the 
new moon and conjunction in each of them. Although admittedly an approxi- 
mate system, the number months thus formed served to time agricultural 
activities and describe the weather. 


Finally, a star ealendar oriented toward the pastoral cycle was formula 
ted from the later summer rising of Cércpus ( suhayl). As described by Jbn 
Qutayha, the Bedouins first trekked to pasture ju Angust with the davn rising 
of Canopns.% Al - Marzüiqi qmoted a similar calendar in which this season is 
called safariye.* By the setting of al - fargh al-mu'akhkhar ( = 27 ) in Seprem- 
her most of the herders had left for the pasture. In general the winter rains 
and pasture thus prodnced allowed the Bedouins to remain in the more arid 
areas until April and the rising of sharafayn ( æ 1 ). At the dawn rising of the 
Pleaides in May most had returned and the last were said to come into the 
settlements by June. Al-Marzüqi presented a variant of this calendar according 
10 five seasons of rain : 


Season or Rain Stations 

qayz (summer) rising of the Pleiades to rising of Canopus 
safariya (autum) rising of Canopus to rising of simak 

shita' (winter) rising of simak to setting ( auqn ) of jabha 
dafai setting of jabha to setting of sarfa 

sayf (spring) setting of Spica to setting of Arcturus ( ca. 


forty nights ) 


The variant recorded by al-Marzügi combines risings and settings of 
stars, only rome of which are among tbe twenty eight ant 


1. Tbn Qutayba, pe 87 

12, Gustav Dalman, Arbeit und Séta in Palästina (Gütersioh. 1928) ; 1 

13, Edward Glaser, * Der Sterakunde der Südarabischen Kahyleu, * Si 
de rien, 1895, 91 : 19 99. 


84, Alessandro Bansani, ‘* Oéservazioni 
Oriente Moderno, 1974, 54 : 841 85 . 


4 Akad. d, Wissensehaften 


sistema calendariaie degli Hazära di Afghanistan 


45. Ibn Qutayba, p. 96. 
86 al- Mareüqñ, 1 : 199. 
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The system described here is clearly not a reference to the lunar stations, 
but one does fird those stars which are cited in the pre-Islsmie poetry. 


Z suggest that the amoa' syetem of the Qushayriyin represents a variant 
of actual tribal usage and that this system was modified by early Islamic 
authors to fit the formal system of a lunar zodiae, The basic reference point 
in thik and the other variants is the start of the wasmi rains at the naw or 
setting of two stars in Pegasus commouly referred to as al-fargh al-mu'akh- 
khar, fargh al del ol. sufla or al-“argueatèn al. mu’okhkharatän. The stars 
referred 10 are cither cleurly visible or associated in their risings and settings 
With an important part of he sessonal cycle, As such these amed” were not 
used 10 delineate the ÿear in discrete calendrieal units, but rather to mark 
only those seasenal phenomena of relevance, 


The sources indicate that certain stars or asterisms were far more im- 
portant than others. No star is more famous 1han the Pleiadés (thurayyü), 
which was even called najm because it was the star par excullence.7? Accord- 
ing to Ibn Qutayba the Bedouins divided the year according to the Novem- 
ber setting and May rising of the Pleiades.7 The setting of the Pleiades 
marked the time of the 1wasmÿ rain . At the risingof the Pleiades the hot 
bârih wind blew and dried up pasture. This was the time when the Bedouins 
had to return from herding in the desert to settlements with water. 


In addition to its rising and setting, the Arabs also noted the timing of 
the moon’s conjunction or stationiug in the Pleiedes. Once a year the new 
moon ( hilal} was seen to conjanct with the Pleiades; this was in April just 
before it disappeared from view for about 40 — 50 days. The disappearance 
of the Pleiades from view due to effacement from the rays of the sun was 
generally considered a bad omen. Indeed the rising and setting of this star is 
commonly associated with diseases in traditional Arab medicine.” The 
conjunction of the moon and the Pleindes was taken as an auspicious sign, 
especially that with the new moon.# 


The conjunetion (from qarana rather than nazala) of the moon and the 
Pleiades was used as a marker of time by counting the number of days elapsed 
between the first of the lunar month ( i. e. the hilal of the moon ) and the con- 
junction. Ibn Qutayba quoted a verse that referred to the arrival of winter 


7: bn Qutayba, p. 23 ; Ibn Sida, 9 :9 : al-MaraGqi, 1 : 185 .Al-Najm in tbe sense of the Pleiades 
is the title of a surah in the Holy Quran. 

78. Ibn Qutayba, pp. 30 , 96 . 

19. ALSuyüfi in A. M. Heinen, The Place of al-Suyäii's al-Hay'ot al-Saniya fx al-Hay'at al-Sunniya 
in the History of Arabie Science. (Pb. D. dissertation, Harvard Univerrity, 1978) ; pe 590 

80. Ibn Mäjid, p. 85 . 
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This system appears to be a variant 6f one attribnted to Malik ibn 
Anis.® who began the year with the iasmi season at one - third of station 
= 28. a reference to the setting rather than the rising . 


All of the variants described above, to which numerous exemples could 
be offered for later periods, involve the linkage of seasons with the twenty- 
ght antva". The system described by Ibn Kuräsa end Abü Hanifa al-Dina- 
wari, however, must be based on a smaller number of ant" stars, Such a 
system was ascribed to the Qushayriyin by Abû Zayd and Quyrub, 1w0 of the 
earlicst authors of the anxa' genre. This system meutions about 13 aste- 
risms, some of which are not part of the lunar stations, as the signe fx six 
main periods of rain throughout the year, Furthermore, some of {be names 
could further be combined to form more common names for the groupings : 


Rain Period Anwa° Comments 
Wasmi al-Sarquwatän 15 days for each star period nt icasmi; 
al-mu’akhkharatän this asterism is part of dalw 
sharat 
thurayyà 
shatawi jawsa 
dhiräfän or dhirä° 
nathra 
dafa* jabha also part of shatatï and some say 
part of jayfi 
“arowva not mentioned by some 
sarfa uot mentioned by some or perhups 
a separate Season 
sayft simäkan 40 day period 
bamim dabarän 20 day period, but said to be no 
na at this time; sume combine 
amim with kharif 
Aharifi nasrän Altair and Vega 
akhar 


al-Sarquwatän al-ülayän 


75. Quotcd in Ibn al-Ajdäbi, pp. 98 — 99 . 

6. The system of Ab Zayd is cited in al-Marañigi, 1 : 198- 109 and E. W. Lune, 2 : 2461 — 2862. 
That of Quirub cas be found in al-Marafqï, 1 : 198 . À similar calendar attribnted to Abü Manor 
js mentioned in Lisän al.* Arab (article nu" 
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Another attempt to relate the twenty - eight anwd’ to a sequence of 
seasons is recorded by al-Alüst, although this would appear to be more 
recent than those mentioned in the early anwa’ literature. Once again the 
calendar begins in autumw, although this time with the setting of # 26, and 
the seasons are of irregular length . 


Season Anwat Siarting Date 
badri 26 - 28 IX :8 
masi li 24 X+17 
val 5-14 XI +9 
ghamir or 15-18 iv :18 
mudd 

busri ox 19-20 VI:9 
nuffäkh (?) 

qayz 21-23 VIL:5 

ébräg ae hawa 24-25 VIII +18 


The it here is clearly arbitrary and appears to be sdapted for the cul. 
tivation of dates in Iraq. While this is clearly not a pre-Islamic calendar, it 
shows the tendency of scholare to fit indigenous systems into a commou 
model . 


Some variants seek tolink the anwa’ with the morths . Al -Marza- 
bäni (?)"* divided the year into six seasons of two months each. This forces 
the anwa” periods to be divided into four and two- thirds stations per season. 
It is hard 10 imagine the start of famin, for example, in the autumn at two- 
thirds of the length of station = 3 (the Plciades) , especially when the Pleiades 
is always associated with the later period of the wasmi rain : 


Season Stations ( dawn risings ) 
wasmi 13-1/3 of 17 

shita 2/3 of 17 - 1/3 of 22 

rabis 273 of 22 - 26 

sayf 27-1/3 of 3 

bamim 2/3 of3-1/3 of8 

Kharf 2/3 of 8 — 12 


73. Al: Ali, 3 ; 235. 
114. AI-AlGsi, 3 : 944 . The same system was quoted by al-Qulqashandi, 2 : 415 — 416 
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seasons as defined by thé equinocés and solstices were of unequal length; 
most were unaware of précession of the equinoces. 7? 


Another way of dividing the yenr into seasons without having to frac- 
tion the periads of the amwca' is to have seasons determined primarily by the 
weather rather than an equinox 6r solstice. One variant of this system was 
provided by Ibn Kunäsa, who claimed it was used by the Banï Mäwiya of the 
tribe Kalb and the Bani Murra of the Banï Shaybän." The year is divided 
into a number of rainy seasons with certain anwa' apparentiy added only 10 
fill in gaps : 


Rain or Season Anwa Comments 


twasmi 26-3 26 and 27 mentioned only as dal: 28 
said to be not used because of importance 
of dahw ; 1 referred to as sharaf 2 
referred to as bain or bufayn 


wali( 2) 4-5  Aissaidtobehatedasa na’ and 5 is 
meationcd only as part of ja 

shatiya 6-9 6Gicsaidto be not mentioned: 9 men- 
tioned as part of asad (Leo) 

dafiya 10-11 10 is famous and IL seldem mentioned 
in this form 

12 overshadowed by importance of asad 

suyf 13-17 15 17 not mentioned as antwû* 

hamim 18-19 not mentioned as amta” 

Kharif 20-26 20 — 25 not mentioned as anwg”: 20-24 

Gr qay# considered as rain called shamsiya, 


while 25 — 26 considered Æharifiya 


The sequence of rain periods parallels much of the information on 
pre- Islamic designation of seasons for rain. The comments of Ibn Kuuäsa 
and his transmitters, however, show conelusively that the fit with the twenty- 
eight amwd' is contrived. The sequence of rain periods associated with certain 
Stars could have been that of a particular tribe, but the link to the lunar 
stations certainly was not. Virtually the same correlation, albeit with minor 
variations, was given by Abü Hanifa al-Dinawari . 


20. Ibn Mäjid, p. 160, wrote +°* The people wo make tables and almanaes take this into âecoint, but 
ignorant navigators, sailors and bedouin persist in the traditional error and they all reason to 
this day that the first of al-Sharafän is the first of Aries. ‘* 

11, Qnoted in al-Maraüqt, 1 : 199 — 200 . 

12, This raio is got mentioned in the passage in al-Maezüqñ, but it is in a similar calendar attributed 
10 Abû Hunifa al-Dinawar in Ibn Sida, 9 : 80 - 81 . 
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Seuson Stations Starting Date 
ee 1-7 III : 20 (equinox) 
RE 8-14 VI : 23 (solstice) 
kharif | — 
RS 15-21 IX : 24 (equinox) 
Lu 16-28 XI : 22 (soletice) 


Trinter) 


As Ibn Qutayba observed, this reckoning based on the course of the sun 
through the zodiac wus not practiced by the Arab tribes, The association of 
station = 1 as the beginning vf spring refers to its coujoining with the sun 
(ie. , Hall al shams) ; the nau’ at this time would be = 13. 


Having acknowledged that such a model vas not indigenous to the 
Arab tribes, some authors still proceeded to state an Arab version of this 
model. Al-Qalqashandi recorded a variant of the four season model adapted 
to tbe Arab practice of beginning the year with the æasmi rain in autumn. 
In this each season is arbitarily assigned an equal number of days and linked 
with seven ameë” :® 


Season Auwa' Comments 
safariya 21 -5 contains wasmi rain; some 
ee) call this season rabi® 
shita” 


(winter) 


sayf 13-19 


Tspring ) 


puce 20 - 26 
Œumuner) 


Abu Jshäq al-Zajjäj mentioncd this system of dividing the year into four 
quarters, but he preferred to begin it at II : 20 (i. e. ; the vernal equinox) 
rather than in auturon. The major problem with this method is the arbitary 
fit which would have been of no practical se to any herding or farming com- 
munity. À number of the authors in the anwa" genre ignored the fact that the 


69, This is attributed to Aba Honifa al-Dinnwari by Thu Sida. 9 : 80 . 
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Stars in Oxiou, a distinction not mentioned in the pre-lslamic poctry, again 
paralleës the identification of {he fifth station in the Irdian system. The ast- 
rological propnesticotions besed on the s ing uf the moon in each station 
are also taken from India, a fact at times noted by the Islamie authors. 


There can be no deubt that the Islamic concept of the manäzil consists 
of foreign elements, yet a contcious attempt wus made to Arabize the system 
and to sec it as au indigenous tradition of the Axabs. The fact that borrowing 
of certain elements to refine the concept has occurred dues not rule out the pos 
sibility that à lupar zodine was used by the pre-Jslemic Arabe. However, 
the evidence for such a zodise cannot be found in the very literature cited by 
early Islamie scholars to prove the linkege of the manail with tbe anna. 
The numicrous disagreements end conflicting informetion show that the con- 
cept of am4' is not Lo be understood as equivaleut 10 the formal astronomie. 
al system of the manäzil. The question then arises : what eau we learn about 
the amd” from the literary evidence avd star lore ? Setting aside the inter- 
pretations provided by the compilers of the genre, what aspects of the ana 
a6 a practical star calendar emerge ? 


Pre- Islamic Star Calendars 


It has been assumed by most Muslim scholare that the pre - Islamic 
Arabs developed one major system of the ana’, which are seen as nearly 
identical with the manasil al-gamar. This ussumption is unwarranted based 
on the evailsble literary evidence and ethnogréphic information on star 
calendars among contemporary Bedouin and other Arab trihes, In examining 
the ant” genre and related sources it becomes elear that a number of variant 
systems were in use. While many authors tried Lo harmouize these systems 
with the model of twenty-cight lunar stations ; the resulting number of majur 
disagreements indicvtes many Arcbs followed altemative models, It may not 
be possible to determine the precise slux calendars used ix pre-Ielamie Arai 
but one can distinguish between those calendars related 10 the twenty-cight 
ant”, the amd system of the Qushayriyin, the Pleiades ealendar and the 
Canopus calendar. 


1f one examines the star calendurs linked to twenty-eight anwa' accor- 
ding 10 the number and sequence of seasons or rain periode, it is evident that 
a number of variante are referred to. The clussical model of the four scasons 
as expressed in the astronomieal literature would associate each station with 
seven amd” , as noted by Ibn Qutayba :5 


68. Ibn Qutayba, pp: 100 
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its rain, The presence of these more limited numbers suggests that the dura- 
tion of a naw ‘sx thiiteen days :e a arbitary fit rather than a reflection of pre- 
Islamic usage. 


Another point which calls into question the association of the anwa” 


with the mandril is the lack of references in the poctry and sayings te con- 
junetions nf the moon and the stations with the rotable exception of the 
Pleiades, As will be discussed below. the stationing of the moon in the Pleiades 
Cthurayyä , = 3 ) was part of a seasonal calendar in pre-lslamie Arabia and 
oue which has survived among contemporary Arab tribespeople. If the mand- 
sil constituted an important calendar for the Arabs before Muhemmad and 
at his time, why arc there so few references in the poetry and other lore to 
the moon stationing in these manësil ? The literature primarily reflecte the 
risings and settings of the anté” at down or 1wilight and not in terms of à 
lunar zodiae. 


Finally, there is no doubt tlat certain elements of the Islemie concept 
of the manëzil were borrewed from the Hindu concept of the lunar 20diac.# 
Knowledge of the Junar zodiac may easily have penetrated (he peninsula in 
the entry or so befure the prophet Muhammad, since the Sassanians had 
earlisr adépted the Indian luner zcdiac. During the period of conquests, 
Arab scholars cume into contact with the scientific tradition of India. By the 
2 nd / 8 th century the Hindu Siddhauta, which describes the lunar zodiac, 
had been trarslated into Arabie, It was not long after this hat the earliest 
texts in the anwd’ genre began 10 be compiled . The earliest Islamic astrono- 
mers, such us al-Farghäut and al- Battänï, include the lunar statiens in their 
discussions of Islamic æstronomy. Abü Ma‘sbur weuld have been aware of 
the hemerological use of the stations in Indian astrology.# 


À comparison of the manäxil al- qamar with the Indian lunar zodiac, 
usually referred Lo as a system of nakçatras, does not chow a simple one- to- 
one correspondence, The main element borrowed from the Indians was the 
division of the manäil into equal units of are; thus, the stations became a 
scientific coordinate system rather than merking the locations of actual 
stars, The choice of sharafayn eleaxly parallele the start of the Indian system 
with osvini, the identical asterism, The distinction of hag‘a as three specific 


6. GE. Colubruoke: Jean illioza 
d'Histoire Mondiale, 1959, 1. 1 
lot, Matériaux pour servir à L'histoi 
Orientaux, (Paris, 1849), 2 : 475. 

67. Abu Mafshar is attribated with au unwë® text which was translated into Latin. 
and M. J. L. Young," A Treatise on hemerolouy necribed to Gaffar al-Sädiq, 
23 :208. 


ade et les échanges scientifiques dans l'antiquité. * Cahiers 
llino, $ : 140 - 181 ; Pellat, p« 523 ; Louis Pierre Se 
compürée des seiences mathématiques chez les Grees et les 
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and al-Qädiri mentioned a new of the shepherd ( ra*i):® both of these are 
said to be known to sailors, but the reference is clearly much later than 1be 
pre-lslamic usage. 


The idea of the lunar zodiac as formalized in the manäzil al-qamar pre- 
suppuses knowledge of the solur zodiae. AJ-Süfi argued that the Arabs did 
not use the twelve signs of the zodiac, although they did have the lunur 
zodiuc.t The system of man&il, however, assumes that the first station 
begins at the start of the Ram and the vernal equinox. Indeed, one of the 
reasous cited for the meaning of sharajayn ( = 1) is that it was the first of 
the stations and thus a sign or marker (sharaj) . Yet, the Arabs did not begin 
the year according to the equinox or solstice, but with the start of the rains 
in automn (rabi), particularly the rcasmi rain which was considered the first 
rain of the year in many sources. The astronomical concept of the manäsil 
thus is linked to the solar zodiae, which is clearly not an indigenous concept 
on the peninsula . 


The classicalmodel of the four seasons, where each season is defined ac- 
cording to the solar zodiae, is aleo linked to the stations, but the fit is atbitrary. 
Only in the case of sharafayn dues the beginning of a season coïncide with the 
start of the thirteen - day period represented by a lunar station. For the ast- 
ronomers, however, each season was linked with seven statiens. although the 
scasons themselves were not of equal length. Since the pre - Islamic Arabs 
did not use the four - season model articulated in Islamic science, the fit of the 
man&il to these stations nécessarily invalves a tampering with the concept 
of amwë as employed by curlier Arabs. 


In describing the system vf amwa', thereis a disagrecment over the 
number of days attributed to a stars new’. Some assumed tbat the naw’ 
referred to the entire period of thirteeu days. The major anwd’ texts, however, 
also record the length of each naw” between 1 — 7 days in the sense that this 
represented the time of its influence. ‘The latter usage associates the mare 
not with the simple process of à stars setting, but rather with a more limited 
time of the influence of such a setting. These lengths can hardly refer only 
+0 rain, since for several of the amwa' there could not possibly be rain. No 
satisfactory reason is given for the limited number of days assigned to each 
now. À higher number is not necessarily associated with a naw* famous for 


62, ALQAdiri, £ 10e, 

63. ALSGN, p. 1. 

64, Ibn al-Ajdäbi, p. 100 ; Ibn Qutayha, pp. 103, 121 Shäriha ibn al-Sayyid 
in al-Alüst, 3 : 244, For a discussion of the wasmf rain and other pre-lslamic rain periods, see my 
°* The Raïu periods io pre-I<lamie Arabia,‘ Arabica, (Forthcowing) . 

68. Iba Qutayba, p. 9 ; Ibn al-Ajdabi, p. 136 . 
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eavesdropped on the conversation of angels. yet another interpretation 
was given by Ibn Mäjid, who claimed the phrase was only used for sharatayn 
since from this first station the longitude of other stars was measured 
While the first explanation seems the most plausible, it hardly proves that a 
full Junar zodine of twenty-cight asterieme was referred 10. 


In examining the literary evidence recorded in the anwd' genre, one does 
not find a single reference to a system of twenty-cight Junar stations, Indeed, 
the authors of the anwa” genre admitted that a number of the lunar stations 
were uot mentioned in the poetry or only mentioned as part of a larger aste- 
rism. In his discussion of euch of the Junar stations, Ibn Qutayba found that 
several étations (= 2, 4,13, 20) were not mentioned in the older puetry, 
several were only mentioned as part of a larger grouping of stars (= 5,6, 
7, 11,12 ) and for some ( = 15 , 21, 23 , 28) no poetry is in fact cited . Ibn 
Kunäsa argued that some stations, such as ba/n al-hüt ( 28); were not men- 
tioned because they were overcome by the importance of a station preceding 
or following.5t Ibn Sida noted that subänä, iklil, galb and shawla ( = 16, 
17,18, 19) were usually referred to simply as ‘ugrab of which they were a 
part.“ Similarly, hagfa and han‘a were known as jauz@” ( Orion ad part 
of Gemeni) in the poetry. Ibn Mäjid quoted a line of poetry on the famie of 
the Pleiades, Orion, Spica and Arcturus( simékän ) and Sirius (mirzam); the 
other stars, he explained, were of little usef. 


While not all of the su-called anwë are to be found in the pre-Islamic 
poetry. some stars which are not part of the lunar zodiae are mentioned as 
anwë”. Some of these are asterisms in which the moon is said to periodically 
station when it deviates from the usual course , suche as khiba' instead of 
al-simäk al-a*zal( = 14) or Spica. Ibn Qutayba quoted a verse in which shira 
is referred to as a new’ .® Shira iscommonly used as the term for Sirius, 
the brightest star in the sky, but Ibn Qutayba rejected this identification in 
this case because Sirius is not one of the lunar stations. However, he noted 
that the naw’ could be attributed to Sirius in conjunction with oue of the 
lunar stations, The rising of Sirius in summer was in fact associated with a 
bärih wind and the coming of the heat. Although Cunopus (sukayl) is not iden- 
tified as a naw’, its rising in late summer is marked in many areas as a time 
of rain 0 Ibn al-Ajdäbi noted a new’ of the forty witnesses ( arba°in shähid)® 


4. 

Ibn Majid, p 85 « 

Ibn Qutayha, p. 91 

G£ Ibn al-Ajdébi, p. 173. In Yemen Canopus is a maker of the summer rains. 
Ibn al-Ajdäb, p. 152 + 
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which has been interpreted as follows : He it is W ho has made the sun a source 
of light and the moon shedding luive, and ordained for it stages, that you mighe 
learn the meikod of caleulating the yeurs and determining time. 


The second referevce is in surch Y sin (36 : 49) : We have appointed 
stages fer the moun, lil it wanes inte the shape of un old üry branch of à palm 
tree. Most of the authors of the ani genre, as well as Quranie commentators, 
take the reference to manäsil (translate d here us stages) as meaning the twenty- 
eight Tanar stations.% A - Zumakbshart, for example, provides the meuniree 
as the manäsil al-gamar which are suid 10 be equivalent to the anto4” of the 
Arabs. 


À closer rending of the two passages, however, brings into question the 
identification with the formal luvar zodiac. Ibn Kathir in his commentary 
preferred to define man&il as referrirg to 1he phares of tbe meru in its 
waxing and waning.# The passage in surab Yätin is clearly concemned 
with the moou’s phases in describing tbe moun as reuching the stage of an 
old palm branch (‘urjim). The idea of phases also makes more sense because 
these determined the lunar month se importaut in Islemic timekecping. 
Observation of the moun entering the stations did net ir fact define the time 
of the month, since the new moon would appear in a dificreut station each 
month. While 1be lunar statious could be used for reckoning the year vis-à- 
vis their risings or settings with the sun, the sidereal cireuit of the moon in 
some twenty-seven and one-third days was not a basi. for the calendar ju 
Islam. This Quranic usage should Le seen as an echo of Uhe biLlicel tradition, 
where Gad is said 10 have appointed the moun and sun for marking seasons 
Ce ge. Genesis 1 : 14, Psalm 104 : 19). lu Hebrew us weil as Islamic cosmo- 
logy the phases of the moon were the basis of the calendar, not the lunar 
zodine. 


À second line of evidence is lexical. One fix. ds in some of the pre-Islamic 
poetry the phrase nujüm akakldh, which is defined as the moon taking up 
(akhadha fi) its place in a station. Abü “Asmr and al - Shaybänt explained 
the use c{ akhdh hereus the stationing of 1he muen in one of its stations 
Qaurül al - gamar manzilih). There is, however, disvgreement on this usage. 
Some have meutioned this us à reference Lo certain sturs ust et devils who 


50, The Koran 


a8 "* stages by 


York. 1971), Mohammad Zafrnlla Kbun. translator. Manñsil à also translatei 
NL Dawnod (Middtesex. Penguin Book. 1968) . Arlerry translates the ter 


a stativits 

514 Amog the authors wo interpret this as a reference to Le lunar stations are : Abü Hanita al 
Dinawan io The Sida, 9 : 19 ; Ibn Quayba, pp, 16 17 3 al-Maraüqi, 1 : 184-1954 al-Qalqasbaudé, 
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Ibn Qutaÿba explaired the meaning of the saying in terms of the season in 
the pestoral eycle. This stetion rien at the beginving of May as pasture 
begins 10 dry up and the nomads are forced to return to permanent water 
sources and larger encampments. As the smaller herding units come together 
it is a time to meet obligatiors, such as the paying of debte. They dress in 
finery because they are meeting old friends. Similrly, it is the time to wear 
perfume and to seek out smiths 10 restore implements used during the year. 
Abü Jehäq ale zajjäj in his antd' text noted that pusture dries ny Decanse 
of the end of the spring raïns. At this time the harley harvest was over and 
the wheat harvest commences in Iraq. 


When one examines the collection of euyings as a whole it becomes 
cleor that it is not relevant 10 a particuler tribal ercup practicing pastoral. 
ism or agriculture, Rather, the references seem to sum up a variety of econom- 
ie aud scological contexts on the peninsula . J£ cne looks culy at the poetry 
relating to the anwa’. the focus is almost entirely en rainfall aseceiatcd with 
thir risiugs and settings. At the very least the literary evidence assembled 
in the amcg” genre is ambiguous. AI of this prompts one to question whether 
Arab tribesmen used a lunar zodiae as defined for the twenty-eight emteë” 
or if the nature of the aniva’ must be found in an indigenous calendar relating 
to the risings and settings of certain stars ? 


Anu& as Manäsil al-Qamar : ihe Evidence 


The belief that 1be formal act of twenty- cight lunar stations was part 
ofindigenous Arab star lore is held by virtually all of the early authors on the 
amwê genre. It must be remembered that this wes a time when concepts of 
a given time were often seen as universal truths evident since the beginuing 
of creation. It is not surprising that a work on the lunar stations is attributed 
to the prophet Daniel# of Israel end knowledge of this system is ascribed 
to the legendary sage Hermes. Sincere Muélims at this time would have had 
no problem in associating a concept such as the zodiac with Adams son Seth, 
the patriarchal patron of ster-gozing, rer 10 Adsm himeclf 


Apart frum the belief in the general validity ef cuemie truthe, une of 
which the luvar zodise would huve bcen, these carly scholars colleeted poctry, 
sayings und lexical information which they saw as supporting their views. 
What then is the majur evidence in support of pre-lslamie usage of the 
lunar rodiac in Arab tradition ? 


‘The chief suppurt comes from two references to manézil in Quranie 
passages describing the movr. The fret reference is in surab Yümus (10 : 6), 


49, Thu MAjid, pe 13. 
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the north side of the La‘ba, thus linking it Lo the sacred geography of 
Islamic belief iu the ka‘ba as the center of the cosmes, Ibn Sida sdded that 
it could have been named because it picks up dust as it bléws.#t If barih 
originally ment the wind appearing at the rising of certain stars, theu by ana- 
logy rain may have origiually meant the rain appearing at the setting of 
certain stars. 


According to the amea” texts, each na’ came to be associated with a 
thirteen- day pericd that vecurred the same time each year in relation to the 
seusons, In this sense the amd served as a kind of almanac in which each 
puricd of a naw would be known for certain meteorolegierl phenomena, 
pastoral or agricultural aclivities and events in nature. The primary literary 
source for information on this almanac lore is the collection of rhymed sayings 
for each of the twenty-cight stations, ns well us a few other important stars 
such as Sirius and Canopus. These sayings, which invariably begin with 
the word idha, were interpreted by Fehd as parallel 10 an Akkadian form in 
Assyro + Babylonian presages.% The implication is that this type cf saying 
has a long and widespread history iu the regiou. While it is usually assumed 
that the sayings are part of an varlier pre-lslumic Arab tradition, there is no 
evidence that the sayings for all twenty-cight am were in fact pre-Islamie. 
It would have been relatively easy to copy the form in order to arrive at a 
saying for the full complement of manäsil al-qumar. One finds a number of 
variations in the texts as well as numerous errors which were ictroduced by 
later copyists and authors. 


An example of the kind of information provided in these sayings cau 
be taken for the rising of bufayn (station = 2 }, as related by Ibn Qutayba:# 
When bufayn rises, 
debts are paid, 
finery appears, 
the perfumer and the smith are pureued 
Cidha pata®a al-bujayn 
ugtudiyu al-dayn 
1va-ahara al-zayn 
ta-uqtufr bi-al-Satär iva-al-qayn ) 
46. Ta Sida, 9 13. 
47. Toufe Fahd, La Divination Arabe, (Paris, 1966), p. 413. 
48. Tbn Qutayba, pe 21. 
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early Islamie poctry” À verse quoted by Ibn Qutayba refais to the non 
of rabi, clearly a roforence to the rabi rain in the widex centext of the verse. 
The sense of rain is further implied in the form istan’oa alwasmi (they 
expected the wasnirain) . The nse of nan for rain is ccmmen in à muinber 
of dialects fer the Arabian Peninsula «nd North Africa. The lexical 
sources also indicate that naw’ could refer to the herbige produced by rain, 


The linkage between nan’ and rain is clear, despite the debate over the 
origin of the term, Ibn al-Arbi soid 1bat it cannot be a naw’ unless there 
is rain with it; if therc is no rain withit, it is not » naw’ (16 yakün naw’ hattà 
yakün mafah mater woillé fa-la naw’ ).® Shamr observed that the Arabs 
did not expeet rain at the risings or settings of «ll stars, but on!y with the 
anwd&® Further, the reference to the and in the tradition literature 
dlearly associates these with rain in a magical sense. Al-Zamakbehari even 
noted that the pre-Islamie goddess Manät, mentiened in surch al-pajm 
(63:21), va be derived from people who sought rain from her while looking 
for her blessing ; mana't being in this case the maf“ala form of nauw'#t, 


Te is possible that the term naw° was not originally related to the sense 
of nd’a as recorded in the lexicons. While there is no evidence of the term 
raw in the pre-Islamic dialects of Arabic or earlier Semitic usage, it may 
have been associated with rain ss part of an carlier magical rite of rain invo- 
cation or simply £s a term for rain. In this respect it is interesiing to note 
the usage of nau and bârik in theformal system of mangzil al-qamar »s 
representing the dawn setting and dawn rising respectively of a star, Ibn 
Qutayba mentioned that rain and cold were associated with the settings of 
certain stars, while heat and wind were linked to the risings of certain stars.“ 
Thus, in the poctry we find that at the setting of jauxa’ (Oricw) comes the 
winter rain and at its rising six months later comes the summer heat. The 
term barih, which came to be associated with the rising of a station , was 
originally à term fer wind, particularly the hot summer wind . One of the 
possible derivations of this meaning is that this wind comes from (tabrahu) 
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discussion of the term. Ibn Manzür recorded that new’ was so-called because 
it referred ta (he star risirg in the cast and theu noted that cthers linked 
it to the setting,” 


À number ef scholurs cffercd ingenious rolvtiers 10 the ceutreverey, but 
these pppear to be contrived, Jhn Run &sa said hat he na éppenred ox rose 
pas the star itself ser? In thie cese the man’ does not refer to the 
movement of the star but rather to its influence. Abü Iehäq al-Zaÿjäi claimed 
that the verb n'a referred 10 rising with difficulty &s though it was inclined 
to set." The key ta this explanation is the sense of n'a br al-himl. rxploined 
by al-Zomakhsharï as male bi il al-sugñt (it ivclineé me to a setting ).* 
Au example of this is a woman with Luttocks 40 large that they cause her 
to rise with great diffieulty us though she would sit down at eny imement. In 
this sense it is a rising cenetrained 10 go dewn egoin, This fs tbe sense of 
yant'u used in surah al-qasag (28 : 76) us to be a hear; birden so Lhat something 
ïe so burdened that it is inclined downward ( idha athgalah hatà omäloh > 
Lane has suggested an interesting Ggurative use ef the term here as rising 
and setting stars which appeur to have been nearly overceme by the glimmer 
of dawn.% Oue could perhaps speeulate that the light was seen as burden- 
ing the movement of the star, but such a view cannot be documented in 
the lexical sources. 


It is important to stress the fact that these early compilers ef lexical 
works , who had far more information on dialect usage than we can recon- 
struct today, were not in agreement on the origin of the term. This confusion 
is aleu evident in later sources. Ibn Majid, for exumple, wrote that 
Some say naw’ 1vas its culmination, some its middle position, some its most 
easterly position, some its most westerly position, some make it a rising position. 
Some say it is when it appears at darcn and some when it appears in the toilight”. 


In à variant interpretation, Mu'arrij elaimed that nat’ referred to the 
rain at the setting of a star because the rain ” rose" (nuhada) vs the star set, 
but that by extension naw' came to mean the setting star itself. The 
identification af na as rein or a lime of rain is found in the pre-Islamie and 
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Anw 


ugular } is well attested in the earliest lexieal 
sources, although there are significant differ nees cf opinion on its meaning 
The primary sense cdvocated by the authors of the amud’ genre is an astro. 
nomical definition ol nau’ as the cosmical setting of orc of the twenty - eight 
manäzil olqamar. One ads a number of variations of this definition, vhich 
Tbn Qutnrba expressed as follows:?6the setting nf an: asterism from the lunar 
stations 10 the west at duwu and #imultaneous risir g of ancther (esteriem: 
opposite it to the east ( sugñt al- naÿm minha fi ul - maghrib mafa al- foÿr 
voa - pdf äkhar yugäbilih min safatih fial - moshrig). Vt is important te stress 
that although the nan is attributed ta the setting star, this is invariably 
placed in opposition to an apposite star ritirg et the same time. The tom 
now’ is never used for the setting of « star perse, bntissesiricteé te a certair 
set of stars couterine on tbe mandzil al-gamear. 


The turm amd” ( nœu* 


Ab Hanifa further refined the meaning of nou’ 4s the first setting 
attained in the emly morning befare the stars are lost from view in the light 
of dawn (awwel sugüt adrukuh fi al-afaq bi l-ghadat qabl inmihäg 
aLkawäkib bi : dau’ al subh ).7 Thus, the naw refcrs tothe intervel of time in 
the early morning hetsreen tbe dawr ( fair ) and the sun'e setual rising (fut). 


As the lexicographers themselvrs noted, the sense cf na 26 a setting 
appears to contradict the more commen psoge stemmirg from the root 
nav as a rising (nuhüd or tulüt). Abü °Ubayd argued that the meaning of 
setting was only applied to nan” in reference to the lunar stations. Several 
scholars suggested that in fact tbe original sense of nan’ was for the rising, 
but it was later changed by the Arabs to refer to the setting. Ibn Qutayba 
recognized that both sensex were to be feund in the lore, although he thonght 
the idea of setting to be more common and justificd by the usage of the verbal 
form in the Quran (surah al-qasas 28 : 27 ).3® At one point in his extended 


25, For lexical direnssionx of the term and’ ; see : Carla Landberg, Glossaire Dutinois (Leiden, 1942), 

829 - 2030 ; Carlo Nolino, Raccolta di Seritti Fditi e Inediti, (Home, 1944), 5 : 184 — 146 : 

A. Lane, 2 : 2860 — 2461. Ce Pullat. 44, The Eneyclüpaedia of Ielam (Leiden, 1960), new 

on, 14 623 eve ju defining the mu ne an acronyebal setting, wbich woull refer Lo the evening 

setting, rather than à cormical etiing. 

206. Ibn Queayba. nt 

27. Quoted in Lérén al rab (article neue"); Tbn Sida, D 
al. Amine wa-al-amkina, (Eyderabad. 1914), 1 180 

22. Quoted iu Lisa el rab (article ne) à 

29, Mubarrad in Mahmüd ShGkei al-Al0, Buläeh dl-arab fr alwdt ul-fArab, ( Baghdad, 1882) 3 : 
270, and Im al-Ajdäbt, pe 124. 

30. Ib Gutayba, pe ? 


and Abü Ai Ahmad al-Marrüqi, Kitéb 
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through Latin translations of Arabic texts into the West. In vddition 
tu this progrosticative aspect, the form &f cach station in &n arrangement 
of dots was adopted into geomantie magie.?® 


As many of the Muslim awthors Lavenoted, there is a compelling ma- 
gical aura about the number of stations in the context of Islamic cosmology. 
The most obvious connection is with the twenty-eight letters of the Arabic 
alphabet. As the letters are distinguished as light (nûr), for tbe fourteen which 
begin surahs in the Quran, and dark (zulma), for the letters which do not, so 
there are fourteen visible and fourteen hidden stations. Similarly, fourteen 
letters are formed with dots (i. e., mangü{) and associated with inauspicions 
stations, while fourteen are formed without dots and üre #ssociated with 
the auspicious stations. The number 28 happens 10 be a perfect number 
in the Pythagorean sense, i. e. , it is eqnal to the sum of its parts (28 — 14 
or a half + Tora fourth + 4 or a seventh + 2 or a fourteenth + 1 or a 
twenty — eighth }2, It also equals the cosmie sum of the 7 planets, 9 spheres 
(afiak) aud 12 zodiacal houses (buräj) or the product of the four elements 
(earth, wind, water, fire) and the seven planets. Not least, 28 is an important 
sum in Jabir's magic square of the nine primary numbers. 


In sum, the manëzil al - gamar represented for the Muslim both a 
practical astronomical concept for time reckoning and establishing coor- 
dinates for navigation, and a magical astrological concept for divining the 
fates in a cosmic order perceived to be set in motion by God Himself. One 
finds invumerable charts and discussions in manuscripts, including references 
to the risings and settings in Arab almanacs, When the Arabic concept dif- 
fused into medieval Europe, it was only the astrological use which persisted.2 
References 10 the lunar stations, usually hopelessly garbled, are even found 
in the occult literature of the present day. Some believe, despite the lack of 
historical evidence, that tke concept of the luner stations was shared by a 
wide range of early civilizations and extended back into the houry mists of 
man’s earliest history. 


19. See Hellrout Ritter and Martin Plesmer, ** Pieutrix. ** Das Zeil des Woisen von Pseudo-Magriti, 
(London. 1962) 

20. Savage-Smith, Emilie and M. B. Sith. Falamie Geumaney and a Thiricenth-Century Divinatory 
Device, (Malibu. Calif.. 1980) ; pp. 82 - 3% 


21 Dan üd ibn “Urmar al-Antäki, Tadhkirat Al ul-olbäh. (Brut, 1952) , 2 :97 


22, Abd al-Qädir ibn Mañmüd al-Nabatiti al-Qadirt, Risäla [3 tangi*at ayyém al-sana al-Suryäniya, 
(ns. Musiafà Fâdil Miqät, 108, Däe al-Kutab, Cairo, cu, 1640 A, D.) f. 2v. 


23, The numerical signifcance of the stations is discussed by the Tkbwän al-Safa. 


24, Cf Lynn Thorndike, History of Magie and Experimental Science. (New York, 1923 ), 1 :712- 171, 
2:ii2- 15. 
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longer period of time, morcover, more days would be lost due to precession 
of the rquinoces, It is also true that the timing of risings will differ for dif- 
ferent regions, as noted by early Ielamic scholers such as Ibn Qutaybau 
As an upproximate ewrsonsl reckoning system, as oppased to a long - term 
calendar, the thirteen-day periods represented by the stations could serve 
for fixing the timing of metrorclogieal pheremena. pastoral movements, 
cyeles of plants d animals, and agricultural activities, It is in fact this 
sense of the stations «+ a séasonal almerae that was associated by Muslim 
scholars with the amva of pre-Tslamic Arabia. 


As a system of coordinates the lumar stations appear to have been 
important to nevigaters. Many of the twenty-eight stations, however, were 
toû small er insignifieant to bother observing. Thus, it was the eoordinate 
as a segment of are that was valued. The author of one of the major medieval 
ravigational treatises, Ibn Majid, described the relevance of the lunar sta 
tions as determinants for sailing.\ The concept of the twenty - cight sta- 
tions was combined with a system of 32 rhumbs commonly employed on 
ships sailiug the Indian ocean. The stations would also be located on the 
astrolabe. Once again the appreximate nature of the statious as coordinates 
must be stressed. As Ibn Majid versifed®” 


These stars and rhumbs with the Arabs 
Are only approximate . Oh my captain 


If you set course exactly on them 
in a parrow place , then you will have difficulty, 


In addition to the astronomical use of the stations as coordinates for 
ereckoning or navigation, the manäzil al-qamar were of great importance 
in the astrological literature, One firde hemerological references 10 auspi 
cious or inauspicious times for events or tasks when the moon eriters a specific 
station." When the muon stations in the Pleiades, for example, it is app- 
ropriate to travel, to enter into the presence of rulers with petitions, for 
purchase of slave girls, for commerce and a variety of other activities, À 
woman who becomes pregnant at this time willhave a boy who willbe good 
looking, tall in steture, with wide shoulders, brave, gencrous ar.d one who 
likes people. This tradition was borrowed from ludia aid was transmitted 


15. Ibn Qutayba, p. 9-11. 

16. Ahmad ibn Majid, Kitäb ul Fawtütid fr usâl al-babr ra-al-qaud'id , translated by G. R Tibbetts, 
Arab Navigation in the Indian Dceon before the Coming of the Portuguese (London, 1971 ) , pp. 
79-120. 

17, Ibn Majid, p. 75. 

18. For divining by the stations, see Tkhwän al-Safa, Rasa'il Ikhwdn al. Safa, (Beirut. 1957 ), 4 : 
AT. 
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Figure L. Observations of the Manazil 
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will be the frst station seen to set in the evening. Thus the main coordinates 
in the system are fixed at the beginning of daÿtime and the beginning of 
uighttime. 


Referring again to figure 1, it is possible to see how the risings and 
settings of the stations can be used us a reckouing system for time at night. 
If one observes the station rising at 1he beginning of the evening, it is ob- 
vious that it will reach mid-heaven iu six hours and set in twelve hours, To 
bé more exact in un approximate system , one and one-sixth stations will 
rise every hour of the night, ur u new statiou will rise every 6/7 of an hour. 
In this mauner, weather permitting, the stations cen represent a sky clock 
once a reference point has been established. As the astronomers noted, this 
is only an spproximate system, but it could serve well in an age before our 


modern clock. 


The twenty-cight stations can also be viewed as a seasonal reckoning 
system when plotted against the rising of the sun. Each station was said to 
rise at dawn for a period of thirteen days, with the exception of one period 
of fourteen days in order to round out a year of 865 days ( 27 stalians x 13 
days + 14 days ). Once again one finds an approximate system, since a day 
will be lost every four years due to isnoringthe leep year. Over a much 
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Table 1. The Arabic Man&il al-Qamar" 


Number Name Identification Date of Setting 
ï sharatayn 8Y Arietis X :19 
2 butayn côr Arietis X :31 
3 dhurayya Pleiades XI: 
4 dabarän a Taurus XI :24 
5 hag°a A0'e' Orionis xXH:7 
6 hanta +é Geminorum XII : 20 
Le dhirä® af Geminorum 1:2 
8 nathra «8 Cameri 1:15 
9 tarf x Caneri , à Leonie 1:28 
10 jabha tyna Leonis 
1 aubra 80 Leonis 
12 sarfa 8 Leonis 
13 Sawwa Bmy$e Virginis 
14 simäk a Virginis 
15 ghafr va Virginis 
16 zubänä +8 Librae 
17 iklil Bôr Seorpii 
18 qalb a Scorpii Ÿ :26 
19 shawla ày Scorpii VI :9 
20 nain ogriyèen Sagittarii VE : 23 
21 balda (vacant space) VIT :6 
22 sa*d al-dhäbih 28 Capricorni VII : 19 
23 sa“d bula® de Aquarii VIT :1 
24 sa°d al-suüd s Capricorni, AL Aquarii VII : 14 
25 sad al-akhbrya yrên Aquarii VIN : 27 
26 al-fargh al-mugaddam af Pegasi IX : 10 
27 al-fargh al-mu‘akhkhar 5y Pegasi IX : 23 
28 bain al-hüt 6 Andromedae X:6 

14. The identification is taken from P, Kunitasch, Unter-suchungen sur Sternnomenklotur der Araber, 


(Wieshaden, 1961). The dates are taken from the amwd” text of ADG Iehäq al-Zaÿjàj. The mumher- 
ing here is the standard order of the stations and will serve as a reference for further discussion 
in this paper. 
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of the solar zodiae. For the astronomer each zodineal sign covered 1w0 and 
one - third stations, commercing with sharaayn, (he so-calleu two horus of 
the Ram ( fasmel) . The choice of sharatayn as the fret of the stations, 2 
noted by the astronomer Abd al-Rabmän al-Süfi. was due to the Füm 
being the traditional ctanting point of 1he zediucul ÿeer  În fact the cor 
respondence between the stations and each zodincsl sign is mot exact, even 
though the general sequence is similar, TLe second station, Luoym, fs indecd 
part of the Ram, while the third station, the Pleir des (tiwraÿyà), ie not part 
of the zodine although it is in the vicinity of tbe Bull (daur). The feurth 
statiou ; Aldebaran, is part of the Bull, but the follewing staticr is actually 
in Orion. The further comelatien betwecn the stations and (he zcdineul 
signe cou bé seen in table 1, wbere the stations are identified, 


Some astronomers sought to delineate tbe precise amount of space oc- 
cupied by each asterism. but this results in a serics ef étatious of unequal 
lengths. The most common division paralleled the system of the solor zodiac 
in which ecch station was defined as :n cquel amount éf are 2long the 1 oon'e 
course. Thus, starting from the fret of the Ram each of the twenty-eigbi stu- 
tions comprised 120 51: ( i.e., 460° + 28). As à eystens of equal units the 
twemty-eight stations reeulted in a euordinate system useful for time reck- 
oning and iu navigation. Some Islemie schelars noted hat the position of the 
station as & cocrdinate could be helpful in determining the qibla, although 
practical examples of uhis are limited, 


The coccept of the lunar zodiac implies that on auy given night the 
moon will appear to station or conjoin with one of the twenty-cight stations. 
Regardless of the position of the moon, however, observation of the risinge 
and settings of the stations at night fecused on certain key positions in their 
use as a coordinote system, This can best be illustrated by reference to the 
ideal horizon shown in figure 1. By definition, fourteen or half of the twenty- 
eight lunar stations would be visible at any given time at night. Thosc visible 
were often referred to as zähira . while the stations beneath the horizon were 
known as jdfiya. If station = 1 in the figure represents the station wbich 
rises at dawn (i. e. , manxila al-faÿr or täli® al. faÿr ), this would represent 
the last station visible before the sun cppears above the horizon. Stations 
=2 and = 3 will be obscured by the sun as they rise iu turn; = 3 is referred 
to as manzila al-shcms because it is in this station that the sun airives 
Halil al-shams ) at dawn . Assuming an ideal iwelve-hour day, the station 
which will rise at the beginning of evening ({ali® auwal al-lay!) is = 15 ; this 
is the same station which sets at dawn &s = 1 rises at dawn. The station lo- 
cated at mid-heaven at the beginning of evening will be & 8 , while & 1 


13. Abü al-Hosayn “Abd al-Rahmän al-Süfi, Kitab Suear ul-kauäkib, (Hyderabad, 1954), p. 142 . 
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the Brmament ( falak ).® While the lexical sources include much information 
on the stars identified as manazil. there is no precise explanation for the origin 
ofthe term. One can surimise that the sense of manail or mansila refers 
literally to a plece of alighting ( mardi® alnuzül ) in the course of a journey.® 
As the manzil is where a mwen and his mount stop for the might, so it is where 
the moon comes to rest at night. Trenslation of the Arabie term manzil skould 
be as” station "or" stege " in English, #6 suggested long ago by Sir William 
Jones. The term  mansion * . which is commonly found in the literature," 
is misleading ond reflects à lster Arabie usage of mansil as a dwelling. 
Perhops the tenderey to see he manzil as a mansion is due to the translation 
af Lurÿ (in reference to the soler zodine } as a house."? If indeed the system 
0€ man&il al- qamar is to be sssociated with tribesmen, the original sense 
must have been that of where the moon alights, The verbal form yansilu 
in this context cn host be trersleted as "to station”. This is evidenced by 
the common expression vahulli al-gamor bi-al-mansil ( the moon arrives at 
the ststion). 


The fully developed system of mandeil al-gamar in Islamic astronomy 
refers 10 a luvar zodiac. ahhcegh it clesely parallele the ralex zodir e of twelve 
signe. On azy given night, regardlecs of ile maen’< phase, it appears to 
station (yansilu) iv the crea of the <Ly occupied by a star or group of stars. 
After its revolution of about tventy- seven aud one- third days, tbe moon 
mure or less follows Che same course again. Thus, the choice of twenty- eight 
stations represented by stars is a result of repratcd chservetions of the 
moon cireuit. It is rot an erbitrary cr fenciful division ef the beavens . 
Such a systin is admitted'y spproximete, since the stars are not evenly spaced 
and at times the moon alters course. As a practical star calendar the lunar 
zodiac could have been develeped by any culture, yet it is clear that not 
every culture found it useful er siguificunt. 


Although not ll of the asterisms recognized as lunar stations were 
from xodiacal constellations, they represent to a large extent an expansion 


8. Al aumakhshars, As ul-balagha (B4 
Lexicon ; (Cambridge, 1984), L : 1209 . 

9. Ibn Su as quoted in Lisan al-* arab (article 
ie not in fact discussed by the suihor of Lisén al. ©Arab under the au 
ecrunon singuler Form, the form manzila is also found. 

10. Williom Jones, p. 204. In German chis would be Mondstationen (plural) and ia Italian staziont 

Jünare « 
11 In German the plural is Mondhauser: in French, mansions lunairés ; in Latin, mé 
W M. ONeil, Time and che Calendar (Sydney, 1975), p. 33 mistakingly eclls theve ** the inns of 


+ 1082 ), pe 453. CAE. W. Lane, An Arabie- English 


1). The definition of mandzil as the lanar stationt 
le. While manail in the 


the moon. 
12, The parallel meaning of burÿ and mansil was poirted ont by al-Qalqnshandi, Subh al-a°sh& 
fi sinä*at aleinshä'(Cairo, 1913 M), 2 : 872. 
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Islamic astronomy dealt with the theoretical and the practical. It is 
the theoretical focus that engages the atténtion of most historians of science, 
partieurrly those interested in the relation of the Arabie sciences to the 
scientific traditions of neigbboring cultures, Yet it is the practical side of 
astronomy, as well as astrology, (at appears over and over again in the 
bulk of surviving manuscripts, While a few scholars pondered asironomy for 
its owu sake ; most were more concerned with practical matters of time 
reckoning, detérmining coordinates in navigation, fixing the locution of the 
gibla and deciphering vne's fate, In this sense the heavens were approached 
as a map, a guide for accomplishing given taéks, rather thun au object of 
scientifie curiosity . 


One of the more practical concepts in Islamic stronomy and astrology 
is the idea of the zadiac. The solar zodinc , with the sun coursir g through the 
twelve signs, bed become almost a uuivereal frame el reference by the begin- 

g of the Islamic era. Many of the same stars in the sodiacal constellations 
could also be plotted along the monthly course of the men. Thus, the system 
oflunar stations ( manasil al-qumar ) cémprised the round of stars in which 
the mon stationed each night of its sidereal revolution of about twenty- 
seven and one-third days. Ît is important to remember thut the concept of 
a luna zodiac refers only 6 the revolution 6f the mon vis--vis the sky 
and has no direct relation te the phases frem new méon tu new moon.6 
It was the latter which was the basis for the lunar calendar elaborated in 
Ilats. 


The origin of the term menäzil in reference 10 stars along thé moën's 
course is obscure.” Many commentators have argued that this usage is 
intended in the Quranic passages of surah yäsïn (36 : 39 ) and suruh Yünus 
(19 5). In these passages manasil refers to the place through which the moon 
glides (yasbapu), just as one finds reference to the sun gliding or passing alonr 


5. There is n0 complète, up-to-date study of the mandeil ubqumar. The discussion by J. Ruska in 
The Encyclopoedia af Islam (first edition, Leiden, 1936) . 5 + 232 is inadequate. For example, 
altaunod' is misspelled as ol-sound", 1 om at present compiling a survey of the stations in u work 
to be entitled : Amwd* and Mandzil, The Lunar Statians in Arab Tradition, 

6. Paul Kunitssch, Arabische Sternnamen in Europa (Wiesbaden, 1959), p. 33, erred in noting that 
the lunar stations pertain 19 the synaptie month based on the phases. 

7. Prite Hommel, “Über den Ursprung und das Alter der arabischen Sternnamen und iusbesondere 
der Mondstationen, * Z: D, M. G. ; 1891, 45 : 608 clahned that the term manzil was derived from 
the Akkadian and was in aie by the pre-lelamie Arabs. However, the line of poetry he quotes tr 
prove his point refers 10 nasil, a term for abundant rain and not for the stations. Hommel auil 
others alto related manzil to the Hebrew muzzoloth or maszoroth in Job. 1 have not eucountered 
use nf the term manzil to refer to à star or asteriem in the pre-Télamie poetry. 


70 DANIEL MARTIN VARISCO 


a practice condemned by the prophet Muhommad as pagan. The stars as. 
sociated with periods of vain came to be known as emwd” ( nau’ ; singular). 
During the firét three ceuturies of the Islamic era a literery genre on the 
ana" flourished# This genre described tho pre-Islamie folklcre about the 
stars as reflocted in the peetry ard rhymed sayirgs of the Arabs. Although 
different beliefs and usages were noted, the scholurly consensus held that 
the formal mangsil al.çemar were equivalent 10 the anwa' of tribal Arabia 


Tu 1his paper I aësess the evidence for and against the identification of 
the amd" as equivalent 10 the manäsil al- gamar ox lurar zudiac. The bulk 
of the evidence, primarils Chat selceted by authors of the enwä' genre, is 
literurs and lexieal, There is alsu a matter of exegesis, since the term man@il 
oceurs in the Holy Qurau and the term new’ in the 1zaditions of tbe prophet 
Muhawmmod, The solution to the problem, however, eunnot be drawn from 
the textual evidence alone. It is necesscay 10 show how certain Arab tribes 
use star calendars as described in the ethnographie literature. Regardlese of 
what is claimed for the pre-Islamie Arabe , is it reasonable 10 consider the 
luner zodise as a practical ster calendar for Arab tribesmen ? 


In secking to determine the origin of the enicæ it is important to dis- 
tinguish between the virious interpretations reflected in the folklore and the 
scientific concept adopted for Islamic astronomy end astrology. This raises 
a methodelogical problem for recunstructing the history ef scientific concepts. 
How do we recognize the point at which an idea from the vast orray of a 
cultures accumulated lure becomes scientific ? Perhaps it is more accurate 
to ask : At what point ave we villing to recognize an idea as being scientific? 
This problem is even more acute in approaching the Islamic sciences, because 
most historians approach the subject from an admittedly Liased, Western 
viewpoint. In looking at the ways in which cerly Muslim scholars dealt with 
the ana", Largue that the equation of the amra” with the lunar zodiac was 
a decidedly Arab and Islamie set of scholsrship, The earliest Muslim scholars 
were not simply deseribing a system of reckoning four d in their folklore. They 
in fat created the concept by placing a myriad of conflicting information 
into a legitimate, coberent frame . 


3, The und’ texts are listed by Fuat Seigin, Geschithte der Arabischen Schrifitumé, (Leiden, 1979) à 
7 2322 - 370. Auvoug the major published texts are; Hu Qutayba, Kitdb ule Amd” , (Hyderabud, 
1956); Ibn al Ajdâbi, Kitch nl Hsniinu wasalanud? ; ( Damasous, 1964 ) ; Abü 1sbäq al-Zajjäj, 
Kitdb al-Anwd , abridued in Abü Muosür MawhGb al-Jawäliqi, Sharh adub al-kätib, ( Caro, 1350), 
po. 175 18l, and translated in DM. Varisco, ** Thé dm * stars according to Abü Ishâq 
al-Zaÿjàj, * lortheoming. 

4. Almost al the authors make his link, Cf, Abü “Ubuyd and Shumrin Lisän al®Arab (article 
Abü Hfanifa al-Dinawari in bu Sida, kidb ol. Mukhassas, (Beirut, 1965), 9 : 79 ; bn al- Ajdàbi, p. 
144 à bn Qutayba, pe 16, 


The Origin of the ANWA’ in Arab Tradition 
On the distinction between science And folklore 


Dauer Marin Varisco* 


One of the standard modes in Islamic astronomy for dividing the 
heavens into discrete reckoning units is the concept of twenty-cight lun.r 
stations (manëil al-gamar) ; which constitute a lunar zodiac, The origin of 
the lunar zodiac, which was present in both Irdia and China as early as the 
second millennium B. C. E. , has not been determined despite à spirited 
debate among scholars in the 19th and early 20th centuries.i It is clear 
that the lwar zodiac was not part of Babylouian, Assyriau or Greek scienec: 
nor is it faund in the early Hermetie sources. While Ptolemy, for example, 
was well versed in the twelve signs of the solar zodiae, he did not mention 
the Jvar stations, Similerly, there is no reference to the lunar #odiac in 
the biblical rarratives er ancient Hebrew cosmology. 


The earliest evidence for the system of twenty-cight lunar stations in 
Semitic tradition comes from early Muslim scholers, such as Ibn Qutayba, 
who claimed that this system was part of the metcorologicei lore of pre 
Islamic, tribal Arabia . The pre-lslomic Arabe regarded certain stars or 
asteriems? as seasonal markers of rain, wind, heat or ecld. Some went so 
far es to attribute the power over rain ad similer phencmena 10 the stars, 


* Ameritaa Institute of Yeimeni Studies 
Westburg New York, USA. 

Paper given at the Fourth Internationsl Symposiom for the History of Arabie Science, Aleppo 
April, 1987 . 

1. The debate was mainly direeted at whether che Chinese or Ladiau syétem was oldest. À review of 
muny of the ideas proposed eaa be found in Friedrich Karl Giuxel, Handbuch der Mathemutiseh 
und Trehnischen Chronologie (Leipzis, 1906 ), 1 : 10 — 77, and Willium Whieney, ‘ On the viens 
of Bjot and Weber respecting the relations of the Hindu and Chinere systems of aateriume," J. À. 

1864,8 :1-94. See also the arguments made by William Jones, ‘On the aatiquity of the 

1790, 2 ; 239 306 ; H. T. Colebrooke, 1807, ** On the Indian 
aud Arabiau divisions of the sodine, * Axiutie Reseurches, 1807, 9 : 823 - 376 , Max Müller, Un 
Aneient Hindu Astronomy and Chronology (Oxford, 1862); Jean - Baptiste Biot, Études sur l'astro- 
nomie Indienne ei sur l'astronomie Chinois, (Paris, 1862); Leopold de Saussure, " La symétrie du 
sodiaque lunaire esiatique, J. 4. , 1919, 11th series, 14 ; 141 - 148. 

2. The term asterism is more appropriate thau star or constellation, since most uf the statioux are 
pairs ox small groups of stars. CE W. D. Whitney, ** Reply to the etrictures of Pruf. Waber upon 
an essay resprcting Lie asterismal syetem of the Hindus, Arabs, and Chinese, " J, À 0. S. , 1865, 
9:38. 
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cotg 700 45° — 0.340216 : cotg 719 — 0.344328 : 
are cotg 0,348504 being 70047.11.6. 


These values are very near to the results given by al-Birûnt . 
A table with an interval of l' yields 


te 700 47! = 2.868901 ; tg 700 48° = 287161 ; wre tg 2.86940 = 700.47.10.41 
cote 700 47: — 0.348563 : cotg 700 48! — 0,348237 and then are cotg 0.348504 


is 700 47. 10. 40, and we see that both values should again lead to the eleven 
seconds . 


The final results of al-Birünt computing with tg and cotg show def- 
nitely the use of a table with an interval of 15°, a ” ptolemaic table”. The 
great difference then found in 700.47.9 and 700,47.12 is then in accordance 
with the given results, which al-Birûni could never have obtained from a 
table with a smaller interval. 


By this analysis we bave éhown that the use of the tangens function 
eauses difficulties, because of the not being allowed of linear interpolation 
with tables &f an interval of 15’. The conclusion must be that sticking to the 
sine values and uet using tables of tangents bas NOT been a drawback for 
the Grecks, and that people like al-Birôni , computing really very aceura- 
tely, met indeed with this difficvlty in having different results . . linerr in- 
terpolation not being allowed. . in certain intervals. 


Al- Birünt obtained the best results possible with the tools he bad 
available - just the ptolemaie tools in trigonometry . . ; and hat the ” efforts 
in trigonometry * were in the ” Islamic Period ‘ not concerned with ” theo- 
retical problems * but ouly with the numerical precision, the search for 
computational sehemes causing the least possible error . In fact al-Birüni 
obtained the same uecuracy as still about 1900 AD in the then used text 
books could be arrived at. Only the modern simple electronic pocket com- 
puter working at 10 decimal places elimivates all thece ptolemaic-islamic 
problems . This caused the disappearance of trigonometry — plane as well 
ae spherierl - but for one simple relation, à cotine rule. 


For people like ol-Birüni holds trur Schiaparellis statement, that tbe 
greatest praise à scientiet can obtain is that with the tools available in his 
period ke obtained the best possible results. His firai method for the qibla 
can be simplificd frcm numerieel degree 17 to degree 7... but even modern 
mathematicians did not yet sçe that D. À. King's quated scheme can till 
numerically be simplified from degree 9 to degree 7. 
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and his rounding of leads to tg @ — 172.9.50 — 60 times 2.869308148 
His value for the cotangens follows from 


cotg Q — 536.6.0 / 25.38.17 = 60 . (8.56.6 / 25.38.17) — 
2091032211 — 60 times 0.348505469 


The rounded value 20.54.37 is 60 times 0,348504630 
The more precisely taken values for the quotiente, which éhould in their 
produet evidently lead to 3600 are 


172.9.49.35.29 and 20.54.37.0.34, product 3599.900009 in decimals. 
Al-Birûnÿs rounded off values give 3599,994741 and divided by 60 the value 
0.999008539, instead of the nt 10000000. There remains an aceu- 
ray of at most six decimal places. 

The quantity 8.566 should be at least 8.56.8, the ten place decimal 
values lead then 10 


18 Q = 2.869217857 — tg 100.78517274 
cotg Q — 0348537038 — cotg 700. 78517271 
the prodnet of the two values being 1.000000000, and in sexagesimal degrees 
Q = 700 46 6° 37" 18 
The round values obtained by al-Birûni lead to 


t& Q — 172.9.50 / 60 — 2.86938148 — 
= tg 700. 78629155 = tu 70°. 47. 10", 387 


cotg Q = 20.54.36 / 60 — 0.348504630 — 
— cotg 70°. 78631755 Y, cotg 700. 47 . 10e, 44” 
wbich results should both be 700 47’ 11” at two sexagesimal fractional parts, 
equal to al-Birunis result for the cotg, but more than the 70.47.9 obtained 
from the tangent . 


If, however, we use a * plolemaie tabl”. with an interval of 15° we 
would find at five decimal places by division 
tg 700 45° = 2,86356 ; tg 710 — 2.900421 : 
arc tg 2.869040 — 700. 47.9,17 
and 
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We showed above that by introducing & by tg M — sin w the degree 
of numerical difliculty can be redueed to 7. 


$ 5. Analysis of the numerical computation by al - Biräni 


In the Appendices 1, II, II] we show the computations according to 
the Grst, second and third method. 


To the first method we remark that suddenly a discrepancy between the 
two place values and the value of al - Birûui uccurs : 3646.48 instead of 
36.47,7. This caused instead of a hightly correct result, which only differs in 
00,0.0.20.45 from the ten place value in decimals al-Birûnis result of 
70 48.14, somewbat more than 1! t00 great. In order to show the influence of 
the rounding off’s to two sexagesimal parts we cemputed in the last column 
also the decimal value of the rounded off values. 


To the second method we have in the first four columus the ten place 
decimal, four place sexagesimal and the two place rounded off values, parallel 
to al-Birünÿs data given. Again here a suddenly arising discrepancy 6.1440 
instead of 6.14.36. Not a very great discrepancy seemingly + but having its 
repercussions. The rounded value would have led te 70°. 47.7, and the last 
columns, giving al-Birônt’s result shows 70.47.13, about 8° too great. In the 
line with the quantity h — 7 —g we see the value 8.56.8 coming 10 8.56.6 
with al-Birüni. 


To the third method the table makes clear how al-Btrûnt carried over the 
100 great result 6.14.40 from the second method's computation, avd also 
that instead of the more precise value 8.56.8 be gives his former vaine 
8.56.6. In the ffdh column till the third values from below everything is 
then eurrecily ccmputed. ; and then suddenly the suqare root is given as 
27,841. What was caused by tbe transfer of the deviating values would have 
led to the final result of 70.47.13 , as with the second method. The last three 
values in the most right column below the wrong square root 27.841 lead 
10 the result den obtained 709,49.14, a deviation of more than {wo minutes. 


86. The tangens and cotangens with al. Birant 


À few remarks on al-Biräni« results in the application of the tg and 
cotg. He computes the tangent of the qibla from 


16 Q = 1538.17 / 8.56.6 — 60 . (25.38 . 17 / 8.56.6) — 
= 1721637754 = 60 times 2.869396257 , 
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The thin formula used (C. M indicativg the latitudes of Ghazna and 
Meccz end the difference in longitude) reads - leaving out (he unnecessary 
” détour ” O1 —sin vers (909 —G + M) } = sin (G — M)- 


Csin(G M) —(1 —cost) cos M. sin G Ÿ + (sin t. cos M)? 


which is the same value as 


Loose. cs M. sin G — cos 6. sin M Y + (cos M) —-(cos 1. dos M) = 
{cost . cos M . sin G}? + (cos G. sin M}? —2on8r. ces M. ain M, cos G_ sin G 
4 (cos M} —(cos 1. cos M}? = 


= 1 (sin M .sinG + cos M . cos 6. cot 1}? 


—(cos u)® = (sin u}. 


The second formula reads 


Licos (G -— M) / vos G —(1 — cost) cos M }sin G— sin M / cos GJ 
+ (sin r. cos MP 


which makes evident, that for complete equivalence one should have 
Lcos (G — M) —(1 — cost) cos M ces G Jsin G— sin M — 
= [sin (G —M) —(1 —cos 1) cos M sin G Jos G. 


Here the terms with 1 — cos 1 cancel and there remains the evident 
cos (G— M) . sin G — sin(G — M).cos 6 — sin M. 
The three different formulas are by simple goniometric relations shown 10 
be equivalent, and leading to the first cos u, The only difference is the degree 
of numerical difficulty . 
The first used relation can be derived by 
cotg Q = sin q/ te h = sin{p —G) /tat. sin p — 
= (sin p.cos G— cos p.sin G )/ tgisinp 
which is 
(cos G . cos t —cotg p : sin G. cost) /sint à 
und leads 10 


(cos G. cost —tg M sin G)/sint, 


which is the relation used by D. À. King , us stated abuve . The degree of 
numerical dificulty in this way is 9, 
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He did not consider both. supplementary, values of À possible. Perhaps 
al-Birûnt kuew that ! acute requires À acute in an orthogonol triangle. Then 


cos p = vos a / cos h 
gives p uniquely and thus g = p —b is determined. Finally 
cos ü = cos h cos q 
provides the distance Ghazna - Mecca, and from that by the sine rule 
sin Q = sint. cos M /sin u 
yields the value of Q . This computational scheme has a degree of difficulty 17. 


Using only uniquely determining relations the cemputation of À is 
then not necessery — gives less sources of errors 


ig p — cos 1. tg a yields directly p, then 4 = p — b, aud finally 
cos g. cos a / cos p — cos u . À scheme of degree of diffieulty 12. 


Next to this al-Birûni gives two other methods, only operating with 
sine functions and at last applies also tg and cotg relations. He obtained in 
this way from the same data five different final values : 


7048" 15" ; 700 47: 13" : 700 49! 16* ; 700 47! 9" ; 700 47: 11". 
In fact 1 is in * time difference * one ffteenth of a second, 1 / 54000 
of an hour. Again, a qibla for religious purposes hes no need of a precision 
better than 10°, Ptolemy’s limit for measurement of angles, corresponding 
to 40 sec. of time. 


“The problem is purely geographical, and al-Birüni gavelret thesystemu- 
tical épherical trigonometrical solution . Then he derives two other rela- 
tions, and refers 16 analoguous relations as‘ the triangle of time ”, the 
“are of daylight"", . which do NOT menu that astronomy is involved by any 
phenomenon, The fact that al. Biränt computed sin Q for the qibla from a 
rectangled triangle . . of which 1 Q and ot Q could be obtained directly, 
without computation of the hypatenusa, by one division , makes it plau- 
sible that at fret al - Biräni wished to avoid the taugents and considers the 
last two functions more as a check for the tangens and cotangens function. 


He leaves out the proof that these latter two formulas obtained are 
equivalent with the first one. We add here the simple proof for that! 
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For further reference we compute the qibla of Ghazna, mention made 
of the fact that taking M as exaetly 219 40’ the decimal value of 
— 230.470790951 and the value for the difference in longitude of Mecca and 
Ghazna as 270 24! 22° 


G = 330 35° — 33.58333333 

1 = 270 22° 24° = 27.31333333 
60.95666666 + sin “+ 0.874252791 
6,21000000 — sin +  0.108172866 


33.58333333 

23.40790950 

10.17542383 — sin + 0.176662568 
56.99124283 + sin — 0.838587315 


0.320500910 + 
2simt = 0919573054 


0.348532208 
709.78490394  — 


(sin Q — 0.944289689 ) 700475239150 
3 4. The gibla computations of al-Biräni 


cot @ 
Q 


| 


In a first and direct method al-Birüni compntest (6g. 7) 


sin h = sina.sint 


n 


8. Jarnil AK, AE Bérünta Tahdid al-Amäkin, Beirut, 1957; F. S. Kennedy 
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There is, having at disposal Ptolemy's reduction in tbe Almagest 
1, 13 - 16 NO THEORETICAL PROBLEM in spherical trigonometry. The 
only problem which remains is TO OVERCOME NUMERICAL DIFFICUL- 
TIES in solving problems. THESE were leading to the ” jungle of formulas" 
and still about 1900 AD- as can easily be shown checking results given in 
former textbooks, where problems to elueidate the situations are solved 
leading to errérs uf 3" and more in results which were estimated as exact to 
the seconds. These dif'iculties were not mastered until the small electronic 
desk computers aroñe : no dificulty any more in multiplication, division, 
having logarithms or exponentials, sines . . at ten places exact. . . just by 
pushing a button. One must be still careful for the last digits: the rounding 
of at ten places might even affect the result of a. b. e. when calculated by 
a. e. b. For the difficult tangens funetiou one can obtain different fret and last 
nunibers in a > tg à > arc tg a. 


Remains to remark that even the sailors, having to compute their 
first ** course * used — a ready for logarithmie computation formula — : 


cotg C = tg b. cos b, eosce L sin b . cotg L 


where b, and b, are the latitudes of the place of depart and the destination 
and Lis the difference in longitude, This asks to look for five values of loga- 
rithms (adding and subtracting are not counted !} — three multiplications 
for non- logarithmie schemes coming to these — and two antilogarithms to 
have the value of cotg €, which being found from a table of cotg gives numer- 
ical difficulty 8, and if one works via logcotg a numerical difficulty 9, 


If one substitutes cosec L = l/sin L, cotg L — cos L/sin L one comes 
to take the denominator sin L and the formula for the supplement of the 
course, the QIBLA , becomes taking bi = G, b, = M and L =t, 


cotg Q = (sin G. cos t —tg M cos G) /sint. 


This ie the same formula as used by D. A. King, loc, cit. in the Encyclopaedia 
of Islam, We have here a numerical dificulty 9, as above, Observing that the 
latitude of Mecea is a ** world constant * one can reduce the numerical diff- 
eulty by introducing an angle @ such that 


tg M —sinw, 
The reduetion to 


cotg Q — sin (G + 1) + sin (GC —1) + sin (G —&) —-sin (G + w) / 2 sint 
is then possible and makes the degree of numerical diffculty 7. 
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e the place at distance c; to the west of Ghazna*s meridian or tbe pluce at 
distance c, to the est, and at the same latitude of Mecca, 21 40. NOTHING 
of the former checking of ” possible or inadmissible ” results remuins in this 
way? (fige 6). 


Qi fig. 6 is the eupplement of the gibla of Ghazna. The !* paradoxal résult "is caused by the 
fact that a place can be reached on the sphere travelling a distance a° forwards or 4069-49 back- 
wards, Taking the gibla of Ghazna 1809- Q for M one reaches M after having travelled a 
of 260. , and M° at distance 290%. .  i..e. travelling bockwards with qibla Q over 19e . 
caventions on spherical triangles climinate u negative angle or side, as well as an angle or side 
greater than 1800. The traveller shall reject to go more than half of a great cirele of the earth 
for his destination. Thie laët ie, however, an extra condition, wbich does not follow from the 
defiuiton of the qibla. The choice ia then be mude by the eceptanee of the difference ia longitude! 
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and substitute (6) into (7) . Then redueing by a factor sin a + 0 is possible and 
we arrive at 


sin a. sin b = sin e . cos B + sin b. cos a . cos y. 


Applying the sine rule and interchanging, a. b and a , ÿ leads to 


sin a . cos b = sin y. cos À + ein B. cos y. cos a (8) 
sin B. 008 a — sin y. cos à + sin æ . sin y.cos D () 
and substituting (8) into (9), a division by sin y + 0 is possible and leads to 


sin £ sin Y . cos a — cos B. cos ÿ — cos & . 


# 3. Numerical considerations 


The cases I, T°, I, IT! are solved by the cosine rules : three sides lead 
directly to the cosines of the three angles: two sides and an angle, to a third 
side, and mutatis mutandis wo angles and one side to a third angle in the 
cases IL, Il... and thus reduce all probleme to I I. In fact there remained 
ibree types. . and the sets III . Il’ are , using the sine rule equivalent to two 
sets of the type(a.b, x, B). 

In the last period of spherical trigonometry this case was sclved by 
considering many poseibilitics, Favire vec a se aule, AIl these troubles con 
be avoided by: solving one goniometric equation fer tbe third side ; cr the 
third angle! As this remark is not to be found in many of the formerly used text- 
books; we give an example, It reduces the problem of the sailor who wisbed 
to determine his destination from the course given at tbe harbour of depart 
for an other. .… which is the reverse of the problem of the qibla!.… In order 
to treat case III we ak for the possible positions of Mecca, latitude 216 40" 
ifthe qibla is (decimally) 70%. 78490394 and the latitude of Ghazna is 330 35. 
We have ( fig. 5 ) 


sin M = 


n G. cos c —cos G.sinc. cos Q, or 
0.369206147 — 0.553149239 cos e — 0274180233 sin 

tge = 0,553149230 / 0.274180223 = 2.017465859 — 1g 630 , 63370345 
sin(g —c) = 0.369266147 / (0,553149239 + 0.2741802232)4 — 

= 0,598028115 = sin 360,7288019% = sin 1430,27119807 


and thus 


ti = 260904900152 , e = —190,63749455 
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a. À plane perpendieular to OC at C makes the angle visible , accord- 
ing to Euclid’s definition 6 in Book XIL. Theu we have by plane geometry 


AB3= 0414 OB?—2 0A.0B . cos e = AC? + BC? —2 AC. BC. cos y, 


and replacing in Euclid II, 12, 13 the ” rectangles 10 be added or subtracted" 
using the cosine for the projection we apply the theorem of Pythagoras to 


OC? + AC. BC. cos Y = 04.0B.cosc 
vicldiug cos e = cos a. cos b + sin & . sin b. cos y. 


b. If one makes visible the tbree angles, again using Euclids definition 6, 
Book XII one has to take a point inside all dihedral angles given. P, and to 
fall the perpendiculars on the sides ofthetrihedral,say O0, ABC. Thenitis evident 
that the sides of the trihedral P. A’ B' C' are the supplements of the angles 
of 0. ABC, and the angles are the supplements of the sides of 0. ABC. The 
** polar trihedral a mere evidence. The Arabs caused® themselves great 
troubles in working ON the sphere and not using ONLY the last two points 
a, b. The reducing of one type of the cosine rules to the other consists in merely 
changing the signs of the cos, and keeping the sines with the same sign. 


For sake of completeness we add that from one set of cosine rules — 
just as in plane trigonemetry - all other relations follow merely algebrai- 
cally. After having seen what was obtained in the section a. there is no need 
to consider the "” polar trihedral ?’, nor polar triangles . 


À. cos a = cos b. cos € + sin b. sine. cos Ÿ , thus 
(sin a . sin b. cos y)? = (sin a . sin b)? — (cos a —cos b . cos €)? = S?. 


Here 5? — 


—(cos a)? — (cos b)* —(cos 6) + 2 cos a à cos b. cos .e 


and this is invariant under permutation of & , b , e . Thus, as in the square 
root we have to take always the positive sign, as all sines are positive : 


sin à {sin a = sin $ / sin b — sin y [eine ; SINE - rule, 
B. We take two out of the threc cosine rules 
cos a = cos b. cos ce. + sinb. sine. cos « (6) 
cos b = cose , cos a + sine. sin a. cos & (1) 


6. vide N. G. Ehoyretdinove, It, mat. isal., 28, 154— 159 
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c=p+g 
ur eveutually a difference. Then 
cos a / cos p = cos h — cos b/ cos q. 
and immediately follows 
cos a (cos € - cos p—sin €. sin p) — cosb cosp, 
au equation for p leading to 
cos b— cos à : cos € — cos a . sin €. tg p. 
Here the right hand side is equal to sin a . sine . cos , and we arrive at the 
three cosine rules of the first type 
cos b = cos #.cosc + sinu.sinc.cos B, 


It is not necessary to compute the value of h! 
1°, The angle is decomposed by the altitude from € into two parts, 
P. Q leading to 
=P+0Q 
wbereas cos & = sin P.cosh , cos 8 — sin Q .cosk or 
cos B sin P = cos & (cos Y. cos P — sin y. sin P) 
cos B + cos & , cos y — cosæ . cosy. cotg P = sina . siny . cosb 
leading to the three cosine rules of the second type 
cos B = —cos & . cos y + sin æ . sin y. cos b. 
We followed exactly the rules as applied also in Arabie Science. The Arabs 
systematically Érst consider the problem on the sphere, which cansed them 
many difficulties. Though the systems 1 and L' automatically lead to the two 
types of cosine rules a striet ‘ euclidean solid geometry ‘in the trihedral 
leads directly to one of the types of cosine rules AND to the s0 called * polar 


triangle ” which allows to reduce the second type cosine rule from the first, 
and vice versa. We give the few lines necessary for that here explicitely 


(Gg. 4). 
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3(a,8) tec—iga/cosB : wb—sine.tgB : cos x — sin 6. cos a 
A (csa) cotg 8 = cosc.tgs 3 gb =cosa.tge stga— cosf. tee 
5.(a, 8) cose — cotga .cotgf : cos a = cosa /sinf . cos b = conf / sin 


whereas (a , a) leads to sin # = sin € sin a There is none, one or a pair of sol 
tions corresponding to the condition sin & < sin æ . The datui sin à = sina 
leads to € == 909. 


If now we go over to general triangles we have the * example * of 


plane geometry - known from the Old Babylenian Period - that any triangle 
can be decomposed into two orthogonal ones. 


The” very many different cases” for three data on a spherical triangle 
are not different from one of the six cases : 


I(a,b,0 l'(a.8ey) 
U(o.b,y) Ia, Bec) 
IT (a, 6, &) UT(a,#,a) 


The simplest cases are Land L' : 


1. If the side c is decomposed by the aititude from C into two segments 
p; qwe have (fig. 3) 
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No side, neither an angle, of a general spherical triangle needs to be 
greater than 1800 in problems. If so the problem to be solved can be treated 
using ‘an adjacent triangle ”. The Greeks, just as in plare geometry, did 
not allow angles greater than 1806. If an angle would turr out ” greater 
than 180°° in modern terminology the * gauge * was observed and the angle 
was mensured at the other side of ane of the legs . 


A direet censideration of the arthogonal tringle sbows, and we have 
as sin b is positive that tg a ard tp € have the some sign, erd thus that a side 
and its opposite angle are either both acute or both obtuse, We don't knew 
of a statement of this fact before * modern times”. 


Not knowing negative numbers one can go over to” positive values 


only * taking the halves of angles and sides, This led in later times to a 
” jungle of relations between halves and quarters of angles and sides *. The 
relations, present in the Almagest for the following first two relations. from 
which the third follows immediately : 


sin (@ + b) — sin n. cos b + cos a. sin b 
cos (0 + b) = cos a . cos b T sin a: sin b 
t@(a+b)={(tea+teb)/(1 Ftga.tgb) 


can be checked easily in Manitiue, 19625 vol I, 10. 1, pages 28,29. They 
allow also values a + b execeding 1800 to be reduced to angles smaller than 
90, in the goniometric computations. 

Fipally we have - see Manitius , L. 10, IL. page 30 - 


2 (sin Ye a) = 1 —cos a. 


These last sets of relations do refute S.H. Nasr'* statements, quoted $ 1, sub d. 

The sine value being given one has aluays wo angles , saller than 
1800, for any positive value. This makes the are sine to be avoided us much 
as possible, On the other hand cos a (and tg a) determine an angle uniquely 
ia the given interval, and thus in numerical work one has to prefer the cosine 
{and the tangens) . Except for the combination (a ; «) , and its analogue we 
have for all combinations of two elements for an erthogonal triangle à unique 
solution. We specify: 


LL (a,0) cose=cosa.cosb : tga=tga/sinb : W@B —tgb/sina 
2 (@.c) cosb = cosc/cosa : cos B—tga/tge ;tga —tga/sinb 


5. K. Manitius, Piolemäus, Handbuch der Aatronomy, 1, 1L, Leipzig, 1963. 
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which using the taugens function is 

cos a = tgb{ige (3) 
and here applying (2) reduciug by (1) 

cos a = inf . cou (3 
Finally PQC / RAB gives PB. QR. CA = PR. QA CB or 

cos a. sin &. sin b = cos & . sin a 
and with the tangent function 

twu=tga/sinb (4) 
Immediately follows from (4) 

cotg æ. votg 8 — cos a. cos b = cos € (5) 

In this way we haveall relations for the orthogonal triangle, which all can 


be read immediately from the orthogonal trihedral angle, (Sg. 2), as a mere 
evidence . 


B 


sina 


# 
J'co5 a sinb= 
cosc igb 
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the six segments as à ratio of two being equal Lo the product of two other ra- 
tios. This is equivalent with the equality of the products af three segments 
to the product of three other segments : (fig. 1). 


If the triangle ABC has the points on the transversal P (on BC), 
Q (on CA), R (on AB) we indicate this by ABC/RPQ. We have then just to 
permute P, Q, R cyclically to obtain the uniquely possible equality. 


AR. BP.CQ = 40. BR. CP 
or L cos a. cos b = 1. cosr. 1, 


ashere PC = PQ = AR = AQ are 900. and for the orthogonal triangle 
we have demonstrated the‘ spherical pythagores ” 


cos € = cos à ; cos b a) 
Again 

PRB | QACledsto PC: RQ. BA = PQ. RA BC or 

sin & , sin € = sin @ €) 
Then 

ARQ I BPC yields AC . RE. QP — AB. RP. QC or 


cos b.cosc —sinc. cosæ.ces D 
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The computational technique with * Muslim Scientists 
different from that of Ptolemy, even earrying on the ‘ sinus totus * 
already mentioned. . . removing that in the same way as Ptolemy did. 


is in no waÿ 
” as we 


The aim of the present essay is to show this and by that to come to the 
reason for the sudden disappearance of ” trigonometry *. The aceuracy nf 
the tables, available up till very recently, was not allowing great accuracies, 
using only one basis- relation. The simple relation can, however, be used 
directly due to the great accuracy of the small electronic desk computers. We 
shall discuss in detail al-Birûnis methods for the qibla of Ghazna. and eluci- 
date the difliculties he met with. ONLY the organising of computational 
schemes in such a way that with the available tables the error was not too 
much increased led to the" jungle of formules in plane and spherical trigo- 
nometry 


2. Ptolemy's trigonometries 


In Book 1, 10,11 of the Almagest Ptolemy describes a method for com- 
posing 4 table of Jenghts of chords, and gives such a table, corresponding to 
120sin Lex Cor 00 € x < 1800: at an interval of 149. which is 15 for the half of 
the central angle. 


In I, 1341 he first proves the *” Theorem of Menelaos ”, the relation 
between six segments on the sides and the productions of the sides, inter- 
sected by à transversal of a triangle, in plane geometry. In 1, 13,2 he shows, 
using a trihedral angle at the centre of a sphere, that the same relations hold 
true if one substitutes for ” lengths” the ” chords”, i. e. sine functions. He 
distinguishes neatly between two cases of the triangle with respect to the 
transversal : 


A. the transversal meets only two of the sides, 
B. the transversal mects all sides on the productions. 
lu L J4 and 1,16 he immediately applies this for the relations hétween 


declination 3, rectascension & , longitude à and inelinatien of the ccliptie « 
(leaving out facturs 60 here) . 


sin & 
relation ie 1h 


in #. sin) : cose. sin 2. cos 
Fume as 


in a. con , which last 


08 2 = ty a/te à 


The scheme of the four lines of a triangle and one transversal can be 
considered in four ways as such à scheme, Ptolemy writes the relation between 
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ting the integral part into a sexagesimal * rest”, when dividing by the” sinus 
ttus”, We shall illustrate that in particular beluw. 


Ptolemy had all the tools, and all the numerical material available 
and near at hand, used it in exactly the same way as later mathemati 
€ ge in the Arab World. He sticked 10 the use of the sine function only, and 
chord x = 120 sin 1, x. Prolemy mostly had the vertes of au angle on 
the cirele and thus he used in fact - ehord = 2 sin x, whenxie tie angle 
at the perimeter, corresponding to Y x measured in the * ang 


the centre 


Ptolemy not only developed the * by priests and philesophers * prese- 
ribed system of epicycles in a unique way- having eclestial bodies moving 
of perfect eurves, cireles, with the most beautiful motion, at uniform speed 
but in his Amagest, Book X, 6, states that one can also subtract the annmaly 
for the outer planets from the sun's longitude in stead of adding it to a centre 
of an epicyele where there is nothing. This corresponds 10 aut interehange of 
defereut and epicyele for the outer planete and yiclds exactly Tycho Brahés 
system : all planets in perfeet cireles around the sun and that system as à 
whole in circles about the earth, which is pleced excentrically. 


ad e. Here we have 10 refute Neugébauer's statement on the tangens 
function. The trouble with the * table of te a * is — end this ras felt! - that 
linear interpolation is not possible, preserving the wished #ceuracy in a consi- 
derable part of the interval 00 — 900 . 


Tu 1896 L. Schrône in bis 7 - place tables saw no other possibility than 
to_give special formulas for the computation of * logtga ** in the intérval 
09-30 , and for theinterval 30 - 100 taking the interval at 10 seconds correc- 
ted. In order to guarantee 5 places exact the Dutch‘ Wiskundige tafels in 
5 décimalen * - about 1960 AD — departed from that system, and gave 
values for cotg a inerensing a by one second in the interval 00 - 80 , and incren- 
sing by ten seconds in the interval 3 — 106 , and by one minute onwards. 1 
oùe computes, as Ptolemy easily cauld have done. a table of quotients. . lea- 
ding to a table of 1g a at av interval of 15° then a very great part of the table 
does not permit linear interpolation. Below we shall indicate that al-Birûni 
was aware of this fuet, and computed from votg Q = À} B first sin Q in 
order to eofely interpolete. 


Rightly Ptolemy sticked to the relation af the * six segments? which 
gave in sine functiurs all relations needed, as we shall shew below. It was, 
indeed, very prudent to use the values of ” only one table of sines” , and not 
to compose a table of tg a, from that. 
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First we quote some authors on the subject of Islamic Science. 
a. A. 1. Sabra wrote in the Eneyclopaedia of Islam : 


°° The mathematies needed for solving problems in sphericul astronomy even for the simple 
geocentric system without circles and epicycles is a loburious business, and it is difficult for 
the modern mind to understand how à scientist nel us Ptolemy could have construeted and 
analysed such au elaborate system without the benefit of place number numeralk, decimale or 
a fully developed trigonometry (not 10 mention logarithme und other techniques). Place namber 
arithmetic entered the Muslim world from Indie in he ninth century and came into general 
use in Hslasm in the tenth 2 


b, D, E. Pingree, in the same Encyclopaedia stated : 


** The Muslins basing their work on Indino idens also developed 
spherical = into something approximatiug ite modern for ‘2. 


jgonometry — plane and 


€. 0. Neugebauer, at various vccasions, emphasised that the Greeks had not 
the tangesn function, which was used in the Jslemie Period, and that this ab 
sence must have caused drawbacks for the Greeks.f 


d. 8. H, Nasr, quoting here his Islamic Science, published for the World of 
Islam Festival, London, 1976 - page 184, gives : 


“* Although Greck mathematiciane, especially Hipparchus, had caleulated à table of chorde, 
ttigonometry - hoth plane and solid and based on the relation of the sides and angles of a 
right triangle - was invented by Muslims. 


Some remarks must be made to these statements. 

ad a. Ptolemy had at his disposal the sexagesimal fraction. used for 
the fractional positional part - not a décimal system !— and the place value 
symbols 0-39, including the zero , were represented in tenbundles — the 
normal Greek numbers, - writing the integral part in the same ten bundles. 
A. Sabra- e. g. The World of Islam ; Loudon 1976, page 185 - speaking 
about a mixed system * in which a non place value décimal ( sic ! ) system 
was used for the integers and a place value sexagesimal ( positional } for the 
fractions, missed the point completely . On th 
is purely sexagesimul positi 


coutrary: Ptolemy’s system 
al for the fractional part. and is in ne way 
différent frou wat * Telim Scientiste * used iv wopiometrieul computations. 
In any positional system with basis À we need 1 symbols to specify the place 
values... and for these one nsed the numerals ® cf che tenbundles . 


Also, with Islamic Scientiers Ptolemy' R = 60 was continuously 
carried an — and dividing is just a shift of tbe sexagesimal , eventually split- 


2. Ai LL Saba, Ene. 1sl. 8, 1134 1 
3. D. Pingree, Ene. el. 3. 1135 — 1138. 
4. 0, Neugebauer, c. g. The exact Sciences in Antiquit mee, 19572, 209 : ‘The only real 


inconvenience lies in che lack of tables for the ratios corresponding to tan &." This is, decidedly 
sumerically incorrect. 


Ptolemaic and Islamic Trigonometry, 
The Problem of the Qibla 


Everr M. Bruins 
1. Introduction 


About 2000 BC in Mesopotamia the problem of the chords in a circle 
was attacked, and - as we know from the Susa texts’, Tablet LIT, und the 
related drawings on the tablets I , J1 - the sides of the regular n — gon with 
n 2,3,4,5,6, 7, 10, 12, 24 were computed. For the square, in 
particular, the sexagesimal value of the diagonal 1.245110. . . - decimally 
1, 4142129063 … . a difference with the more precise value 1.41421356 . of 
6 X10-*- was obtained. This value is the same as that given by Ptolemy 
84: 51.10 if the radius is 60, just — still as in Arsbic mathematics — writing 
the integral part in tenbundles . Though in later times tables of chords were 
computed, - according to tradition by Hipparchos- only the table of 
chords in Ptolemy's Almagest , giving the lengths of chords in à cirele with 
radius 60, subtending an are of x° seen from the centre of the circle. up to 
two sexagesimal fractional parts, is preserved from the * Greek Period ”. 
The table has not been computed as Ptolemy says he did, because following 
the indication for the 30 th parts of the increase in the lengths of subsequeut 
chords, in his table with an interval of 349, would leud to results with an 
even last sexagesimal - (as a / 30 — 2a / 60 , a being the integer of he diffe- 
rence )- and it turns out that one half of the results per ” sixtieth degree” 
does end odd . Again his tentative trisection of the are of 134 is theoreticully 
exact, but numerically using too grent values for the bounds not lending to 
the right result, The exact value of chord 1° is lying outside the interval , 
correctly computing the bounds indicated by Ptolemy. The rounded off 
value, at two sexagesimals, is correct. ; but cannot be used to compute the 
table itself. Tt would have been easy to derive - from the isosceles trapezium 
relation — a eubic equation for the trisection ! 


About 2000 AD trigonometry , plane as well as spherical , has been 
removed from mathematical instruction! What did happen ? 


* Amsterdam, the Netherlands. 
Paper gives où the Fourth fnternational Symposium for te History of Arabie Science, Aleppo, 
April, 1987 . 

1. E. M. Bruins pd M. Rutten, Textes mathématiques de Suse, Paris, 1961, 


J.H, A. S. 1991 : Vol 9 : pp. 45- 68. 
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66 2/3 miles or even the Syrian 75 miles per degree which sevs to have been 
used by alldrist tbe difference as compared to 1498 in al - Khorean 
dramatie and Suhräb, whose Lexts (as indicated above) do not contain 
measurement which otherwise might allow a comparison with or ve 
tion of al-Battanÿs figures. AlTdrisi, on the other hün distances in 
bits, miles and farsakhs (unit equalling 3 miles) but has no corresponding 
figures in degrees. Although citing Ptolemy for bis description of the seas, he 
quotes no dimensions for the whole of the Indian Ocean ( 1he length of the Red 
Sea is estimated by him at 1,400 miles) .26 


While this limited evidence is inconelusive, it would be difficult te 
dismiss al-BattänT's figures altogether: the numbers, however round and 
therefore easily suspect, are carefully written in words and thus cannot be 
explained away by corruption of the digits. Although the dimensions as found 
tend to contradict al-Battäni himself as discussed in (9), it is important 10 
admit that Greek-Arabie geography may have allowed for a more realistie 
conceptualization of the Indian Ocean. however imperfectly measured aud 
visualized cartographically. 


(11) To limit the discussion of Ptolemy’s influence on Arab geographers 
to three early works may sem to constrict the pool of data unnecessarily, 
However, the sources we have chosen represent not only the mast complete 
and faithful exposition of Ptolemy's information in Arabie, but also are 
among the most carefully edited and extensively examined pieces in all of 
medieval Arabic geographic writing. Not only the later Muslim authors but 
also those of medieval Europe, especially in the case of Al-Battäni,7 
drew on the tables and descriptions they hud provided. Under the uame 
Kitäb rasm al - rub® al + ma‘mar (Design of the Iuhabited Quarter ” ) al- 
Khorezmi's Kitab surat al-ard ( * Geography ”, or * Image of the Earth ”) 
is quoted in the 14th century by Abu "1 - Fidä’ who also cites al-Khorezmis 
cvordinates anonymously.* However, by that time the toponyms known 
to the Arabs in East Africa are no longer those transcribcd or translated from 
Ptolemy. The coordinates, when provided, are attached 10 new and different 
names; the continuity is broken, The cartographie taditiou. although forever 
inclined to imitate old authorities, undergoes a dramatic transformation at the 
hands of al-arisi and it is be who is imitated from then on by descriptive geogr- 
aphers. Although in the wider context of Islamic geography new translations 
of Ptolemy are made in the late 15th century, these are occasioned by the new 
Turkish access to Greek manuscripts and bypass the medieval Arabic tradition. 


25. Allidrist, Opus geographieum sive ** Liber ud forum delertationem qui terras perograre studeant *?, 
asc. 1 (Naples - Rome, 1970), p. 8. 

26. Ibid. , pe 10. 

27. Krachkovakii, pp. 100 — 101 . 

28. Ibid. ; pe 99 


42 M, A. TOLMACHEVA 


of an Africa distorted eastward did exist. In fact, the case would be more 
doubtfal if the Arabie text did not base itself on a map: in the awkvard 
phrasing of al-Khorezmi it is easy to loose track of the correct voun, and then 
one might read the above as a description of the sea, rather than the coaet, 
reaching to 1129 E. There are two considerations against this possibility. 
First, the reiteration af 149 latitude at both * ends” of the coustline suggests 
that a line was indeed drawn on the map being described between the cited 
meridians, Second, later works belonging to the al-Idrisr school of geography- 
such as the authoritative Ibn Sa‘id al-Maghribi - return to the use of coordi- 
nates which, \hen superimposed on the African const, seem to reconfirm 
Polemaie notions at a time when Arab navigation to Eust Africa flourished. 
True, Tbu Sa‘ïd who wrote in the latter part of the 13th century, no longer 
includes the Greek toponyms, but he willingly, recognizes his theoretical 
source in Ptolemy. 


(9) The very différent narrative of al-Battänt focusing on the seas and 
the equator, rather than continents or the coastline, also suggests a system 
where the Asian landmass north of the équator is symmetrically faced across 
the sea by another landmass south of the equator, and that this landmass is 
Africa : 


Léo AJ GA ge ghè Dé de del Le 01 15939. 
2, ds Al Lu 


It is claimed that the equator erosseg east to west the space between Indin and Ethiopi 


Al: Battäni gives the Indian Ocean an elongated contour, citing a 
length west 10 cast of 8,000 miles and a width of 2,700 miles, 

(10) Neverthelees, al-Battänt also includes statements which imply a 
much greater southward extent of the Indian Ocean than either Ptolemy or 
other Greek-Arabic geographers indicate: 


d Jlglls JA elgul 8pje Ge ja OÙ GS Al je lois 
B.. Ja luuss UÙ Dsl Let 


“They have measured Babe al-Hind aud stated that it... stretches beyond the island where 
night equale day (i. 6, beyond the equator) ju tbe direction nf the south for one thonsand and 
üiae bundred miles... ** 


If measured in degrees at the so-called alMa'mun equivalent of 
10 = 56 2/3 miles,“ this would allow a southward depth of the ocean to the 
latitude approximating 34°. Even if other equivalents are used ( Ptolemy's 


22. Kubbel' and Matveev, p. 296 . 
23. Ibid. 
.. Krachkovakii, p. B4 
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ning with allstakbrÿs (early fourth / tenth century } were not of the Greck 
school. Frem al-Khorezmi, Greek-Arabie eartography takes a leap to al- 
Idrisi ( mid -twelfth century } whose most detailed maps show the African 
mainland extended east, with the Indian Ocean open to the Surrounding 
Ocean (al-Mukit) to the extent of its Pull ” width * from north to south. If. 
therefore, the European historians of science were 10 luok toward Arabie 
sources for confirmation of the ** open-sea Chesis it may be adequately 
substantiated with narrative and illustrative Islemie déta. both Ptolemaie 
and originating elsewhere : 


(8) The cartographic reconstruction of the East African constline, 
attompted before,” is difficult and involves a great deal of guesswork, 
However, the eastward eurve of the littoral may be guessed at from al- 
Khorezmis narrative. To repeat, the text represents a description of a map 
bearing placenames and the markings for degrees and minutes of longitude 
and latitude. 


Clé dj és o ce db de Iblil, Eute Jéul QU] LE de 
SE pal eds 0 ge éd 0 ge db d) 3 ssl 
ww niso ces db | ob Sie, 0 des Le cé La 

#0 4 Also 3 db d] os 


The coustline. . : passes below the city of Räfüs at 66° 00’ longitude und 7 30’ latitude 
beyond the equator, reaching t0 the longitude of 68° 00‘ and the latitude of 13 00". The latitudes 
we refer to are beyond (i. e. south of) the equator, aud if (the coustline) recrosses (the équator) 
we shall point that ont (The coastline then procceds) to the longitude of 729 00! and the luti- 
tude of 149 00 and reuches the lougitude of 112 00 and latitude of 149 00. . .°* 


Subräb's text is nearly identical, differing only in elight omissiens and 
the variation in coordinates from 00" to 05’ as discussed above, Characteris- 
tically, nothing is described and no locations are listed for the longitudes 
between 729 and 1120, Thus the mainland's location s0 far eat is implied 
rather than stated or substantiated. 


It has been argued that Ptolemy did not make it his business to dese- 
ribe unknown places and therefore, whatever his ideas of continental contours, 
he was unlikely to create a visual representation of a southern Terra Incog- 
nita®. The Arabie versions sem to suggest that a Ptolemaic representation 


19. By both Honigman and Mäik, 1916. See also Gabriel Ferrand, Relations de voyages et textes 
géographiques arabes, persans et turks relatifs à l'Extréme- Orient du XIII - e au XVIII - e siècles, 
vol. IL (Paris, 1916), pp. 590 - 595. 

20. Mäik, 19%, p. 75. 

21. Wasbbuen, pp 3-4. 
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(6) There are no maps of East Africa by the three authors. The sole 
existing manuseript of AI-Khorezmi contains four maps of which only one 
refers to Africa (the Nile) ; there is no world map. The precise nature of the 
map which the texts of al- Khorezmi and Suhräb seem to be describing has 
not been established, nor its exact provenance. The theoretical discussion of 
the sens, continents and measurements found in Ptelemy is missing in both. 
The close paraphrasing of al- Khorezmi hy Subräb suggests a possibility that 
bis book merely repeats al-Khorezmi's description of the lost map rather than 
describes another map similer or identical 10 the former. 


As distinct from these two authors, al-Battäni does include a descrip- 
tion of the earth and partieularly the seas. Although also organized as sÿ, 
this work follows Geography's structure somewhat more faithfully, incorpora 
ting Plolemy’s system of listing the 94 inhabited areas in Bk. VIII which is 
missing in al-Khoreëmi and Suhräb. The text vf the geographical introduction 
does not suggest that a related map ever existed but offers systematic comme 
ents on the location and size of the seas, division of the continents, and pos- 
sibilities of navigation . 


(7) In the history of European cartography a controversy arose over 
whether Ptolemy in fact mapped the e2st const of Africa as reaching far to 
the eust opposite Asia, as late medieval maps show, and whether he conceived 
of the Indian Ocean as an open er closed sen. The text and tables of Ceog- 
raphÿ do not answer these questions. On the ve hand, Ptolemy’s descrip- 
tion of Ethiopia limits the extent of Barbaria to the cast by the Bay of 
Arabia, the Red Sea and the Barbarieus Sea (1V,7). On the other hand, the land 
mass of Ethiopia bounded by the Great Bay of the Outer Sea is also said to 
be ” terminated. , . by the unknown land toward the west and tbe south ” 
(IV , 8). 

The controversy over the closed contour of the Indian Ocean does not 
apply to Arab geography since neither texts nor maps currently in existence, 
of whatever school of thought in Islamic scholarship, ever suggested that the 
waters of the Indian Ocean did not communicate with the mass of the ocean, 
Furthermore, the suggestion that printing and color confusion may bave 
played a role in the proliferation of European maps of the * closed - sea *” 
patternt® has no bearing on Arab cartography, as the Arab medieval tradi- 
tion preceded the revival of Ptolemy in Europe; the earliest extant world 
maps, which are first to show the Indian Ocean, or Bar al-Hind begin- 


17. Wilcomb E. Washburo, * À proposed explanation of the Closed Indian Ocean on some Ptôle 
mai Maps of the Twelfth- Fifteenth Centuries, * Revista da Universidade de Coimbra, vol. 
XXXI, (1985), esp. pp 435 — 497 . 

18. Encyclopedia of Islam ( 2nd ed. ), 
by 5. Magbul Ahmad, 


"Bah ale Hind,"" by D. M. Dunlop and ‘* Djughrafiya”, 
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179 05! + 3 in Subräb’s table." Since Suhräb's text mentions the integer 
17% x with no reference to minutes, it may be suggested that here, again 
uo intended correction of data took place but rather that a mistake occurred 
in the process of transmitting astronomical data through alphabetie notation. 
The special culprit here is the ” cipher, easily confused in its medieval full- 
round form with the letter ha «(= 5) in its unattached or final scripted form. 
There are no locations listed with the latitude or longitude of 0e , so confu- 
sion between the ” cipher ” and whole - degree courdinates is much less likely 
to oceur and in fact, has not been observed ( the tens and Lundreds up to and 
including one thousand all require a single character ) . 


The above also confirms that al- Battänt and Suhräb were rditing, 
copying or otherwise revising Ptolemaic data from the Arabie, rather than 
the Greek or Syriae, since the nature of digital corruption is tied so closely 
to the particular script used. There is no reason 10 challenge the accepted 
view that al-Khorezmis Surat al. wr served as the source 16 both the authors. 
Moreover ; the mistakes in the minute component of the coordinates were 
unlikely to originate in the process of translation fiom the Greek since Pto- 
lemÿ's tables do not mark 00 on the ane hand, and on the other hand fre- 
quently use fraction designations inapplicable to the Arabic version : 140 
for 30°, 140 for 15' and 999 + 14e for 45'. 


(5) The sequencing of toponyms in the text and tables plays an impor- 
tant role in contrelling the precision of transmission, The regional divisions of 
Africa adhered to by Ptolemy were known to his Arab editors but, as was 
indicated earlier, their texts seem to follow à map rather than a systema- 
tic narrative. Their tables als diffcr in centeut organization, boik from 
Ptolemy and among each other. The most significant distinction is in the 
sequencing of the placenames in the tables by clime, the unit first used by 
Eratosthenes; it is not used by Ptolemy in the existing version of Geography. 
In this system, locations in the First Clime are generally listcd beginning 
from the south, in the order of increasing longitude; the latitudes for the 
most part, but not consistently, increace as well. The liets pertaining to 
the Second Clime restart in the west and south and procced toward east and 
north, and so on. Since al - Khorezmi’s, the earliest Arabic , version offers 
fully integrated and competent handling of the clime system in all three 
formats - texts, tables, and maps, and since the early European Piolemaic 
maps retain it us well, it may be assumed that a version of Ptolemys Geog- 
raphy incorporating the clime grid had existed prior to the ninth century and 
was available 10 early Arab scholars. 


16. Maik, 1926, p. 9: Kubbel' and Matveev  p. 302 . 
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with characters marked with diacritical dats underneath, and it seems legit 
mate to see in al-Khorezmis published figure another instance of ecribal 
corruption of the digit. 


The discussion here is limited to the relevant group of toponyms but 
further examples of similar nature may be found among both Ptolemaie and 
non - Ptolemaie data, whether relating to Africa or elsewhere, The point is 
that what seems to be « mathematical diserepaney may in fact be no more 
than seribal error; even if the extant manuseript copies from which published 
editions were prepared are carefully writteu and appear legible with confi- 
dence,# the mistake may have occurred at an intermediate stage. This 
should be considered an important factor in the evaluation and interpreta- 
tion of geographic und astronomie data, especially those derived from the 
same original source or, in E.S. Kennedy's words , ” families of sources *. 
Most importautly, this is a factor operating irdiscrimirately in the records of 
latitude as well as longitude. Therefore our «wareness of it should serve to 
temper the williugness to explain away mistakes in longitude by divorcing 
the numerical content from the system of notation . 


(4) It will bave been noticcd above that the minute component of the 
courdinates is subject te variation and corruption ne less freguently than the 
degree numbers. There is, however, one pattern of variation which eceurs in 
the minute component at the rate suggesting a special vulnerability. Three 
types of numbers of invelved: ro minutes { ie. , 00°) ; tens of minutes and 
fractions ending in 5. Again, this discussion needs 10 be divorced from the 
modern Arabie + numeral notation and focused on sexagecimal Arabic cha- 
racters, The” no minates ” notation, abaent in Piolemy, uses the Indian zero 
while the tens are all transcribed with a single character; therefore the mis- 
take, if such is the cause of variation, might involve graphic confusion bet: 
ween the” cipher ” and six numerical ébaracters sufficient for expressing the 
above group of fractions. 


For the most part these are easily distinguishable even in handwriting. 
Reviewing our selected examples, however, it will be noticed that the varia 


tion even within this limited pool of numbers is not between the * no minu- 
tes and *” tens of minutes * components but rather from no minutes ” to 
n + 5 minutes ” and from ” tens of minutes * to” n + 5 minutes” (or 
vice versa). Compare 20° /45° 5/4 for Qanänä, 00! / 05! o / « for Räfata 
among the Ptolemy derived data and 00! / 15* / 30° 0 / 4/4 for Dunqula from 


he non » Ptolemaic. The apparently Greck-derived Piolemaie city of Tiyas 
(2) on the Red Sea has a latitude varying from 170 in al + Khorezmi to 


15. This writer was unable to inspeët manuseript ver ions of the texte under discussion here. 


PTOLEMY'S EAST AFRICA 37 


it becomes possible to treat the disagréement between al-Khorezmi's and al. 
Battänÿs longitude for al-Tib / Aromata as à graphie mistake confusing the 
sources that were originally cohérent with each other and with Ptolemy. 


(3) Once the intrusion of the prime meridien factor ‘ into Greck- 
Arabic coordinates is eliminated, or at least suspended for sources under 
discussion, it becomes possible 10 view in the same light the dispurate degrees 
of latitude cited for identieal locations. 


To offer an example of the origination of digit confusion, the letters 
Jim € and ha z huve the same body and are distinguished only by the presence 
or absence of a dot : in the sexagecimal system confusirg the 1W0 means 
variation from 3 to 8. Occasions have been recorded when jim was scripted 
without a dot and moreover, with its tail left off to prevent its confusion 
with fa This, however, could open further possibilities of confusing the 
truncated, dotless jim with other characters - and apparently did. 


An instance of inconsistent latitude citations concerns Qanänä : al- 
Khorezmi gives 20 45°, Subräb'e table 80 45’ and Suhräb’s text 20 20 (Ptole- 
my’s Opone is at 49 15°). It may be observed that the first and second men- 
surements differ by the magnitude of 19 , the first aud third differ in minutes, 
and the second and third in both the degrec and minute components. Both 
the letters ba © for 2 and jim for 3 are normally seripted with a diacritical dot 
underreath, and may be corrupted or confused if earelessly written. Je is 
more difficult to explain in graphic terms the tronsformation ef 45! into 20 
Cmim = ha | kôf 4/ x ) but it may be observed that, although separately , 
both the degree and minute components of all - Khorezmi's figure reappear 
in Subräb. Therefore the difference «mong the coordinates as cited may not 
be regarded as an intended correction but rather a corruption. 


Support for this conclusion may be fouud again if we cast the 
net wider among mon - Ptolemaic toponyme related to Eastern Africa. 
The eupital of Nubia Dunqula has the following listings of latitude : 20 (ba) 
in al-Khorezmi, 14° 15° ( ya- dal ya- ha 44 ) in al-Battänt, 149 05! (ya - dal 
häe à ) in Surhräb's text, 140 30° (yd-dal läm à à ) in Subräb'e table, Since 
al- Khorezmis and Subräb'« coordinates for Aswän coincide completely 
( 559 20° longitude, 22° 30* latitude ), the diserepancies again do not seem 
intended . The latitude of 20 N is inconsistent not only with the other 
authors’ but also with al - Khorezmi's own data for other locations as well 
as the place of Dunqua in the sequence of listed toponyms ( generally 
moving north from the equator). Both numbers are commonly transcribed 


14. Ridu A. K. Irani,‘' À Sexagecimal Multiplication Table in the Arabic Alphabetical System, ** 
Studies in the Tslomie Exset Sciences ( Beirat, 1983 ), pp. 511 - 512 . 
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(2) 11 has long been observed that the greatest discrepancies among the 
Arabie coordinates, whether Ptolemaic in origin or not, oceur in the longitudes. 
The diserepancies usually noted are of two kindé: one reflects the random 
variation in magnitude explained as mistakes uccasioncd by the difficulty of 
establisbing the longitude in pre-modern times; the other oviginates in the 
difference of 10" built into the practice of placing the prime meridian at the 
Canary Islands versus the western-most point of Africa, Mistakes also oceux 
in latitude data but are usually less disparate." 


As Table 1 shows, in our éase variations occur both in longitude and in 
latitude. Taking the longitude first, as the Arobs did after Piolemy, it may 
appear that al-Battant follows the prime meridian chosen by Ptolemy while 
al-Khorezmis prime meridian differs frem both by elose to 10; the latter 
manner is also seemingly adopted by Suhräb. However, in a wider context 
it turns oui that al-Khorezmi and al-Battäni do not diverge consistently . 
In fact, Kush al- däkhila (Ethiopia Interior) has the identical 50° longitude 
in both the sources. Another example from Eastern Africa (not found in 
Ptolemy) is Dungula (Dongola) ; the capital of Nubia. While al - Khorezmi 
gives 530 longitude, al-Battäni cites 9302 Similarly, for Âswän; also not 
in Ptolemy, the longitude is 55° 30: and 950, respectively." Clearly, a mis 
take of 40° by the author or even translator is doubtful. In surveying the 
sources it became apparent that in each case the discreprney seemed signifie 
cant due to positional mathematical value of the disparate decimal compo- 
nents; an explanation was then sougbt in the numerical rotation used in 
Arabie sources. 


The Islamic system for marking the numbers originating in cexagecimel 
computation, such as the 3609 of the circle, uses Arabic characters assigned 
numerical value in an antiquated order which made transeribing Greck 
alphanumerie data both easy and convenient. However, a carelessly seripted 
character could be misread und incorrectly copied by another scribe: consi- 
dering the graphic specificity of Arabie characters, the resulting mistake in 
this system could range from 1 tu 59. The important point to keep in 
mind is that such à mistake would have nothing 10 do with (mis ) caleulat- 
ion or fundamental differences in method: its origin would lie in the confus- 
ion of handwritten character contour. Once such a possibility is accepted, 


11. l'or a concise summary of variation patterns in astronomie courdinates ee Mary EL. Regier, 
© Renvedy"s Geographieul Tables of Medieval Jélam : An Exploratory Statistical Analysis, 
From Deferent to Equant : à Volume of Studies in the Histery of. Science in de Ancient and 
Medieval Neor East in Honor of E. 8. Kennedy ( New York: New York Academy of Sciences, 
1967 ), pp. 357 - 312 « 

12. Mäik, 1926, p. 4 ; Kubbel' and Matveev, p. 297. 

13. Mäik, 1926, p. 108 + Kubbel' and Mntveev, p. 297 . 
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The boundary of the Green Sea... passes under a city a 69 10! longitude amd 6° 10! latitude. 
“Then it eurves like a pot near (the place) below the city of al: Tib and adjoins (the place) under 
the city of Qanänë at 729 40! longitude and 29 20' latitude Lt passee nnder the city of RAFAEA 
at 669 00 lowgimde and 7 30 latitude beyond 1e equator . 


Although the sceming graphic approximation mit ht exeusé the incon- 
sistency in the coordivates, the problem deserves further attention. To begin 
smith, the coordinates contained in {he quotation above, as well as the much 
longer text of neorly uniform nature from which it is excerpted, are very 
closely followed in Suhräb's versie, In fact, despite the distancing effect 
that time, editing a new version, ard copying may have had on the original 
data, the narrative parts of al-Khorezmi's and Subräb's works are closer to 
each cther than the text data of al- Khorezmi Lo his own tables. This kind of 
discrepaney has ot been noted in the literature and, since it chviously does 
not originate in Ptolemy, requires an explanation which will take inta account 
the nature of Arabic geographie works. It would be desirable to inquire os 
well into the transmission process, examining the transfer of data via diffe- 
rent languages and nnmerical systems: unfortunately however, although 
we are fully aware that many Arabic - Greek texts were translated via Syriac 
or Hebrew, such intermediary versiens are not extant. The following comm- 
ents therefore treat the data asif 1key were. irdeed, a straightforward 
translation from Ptolemy: the ccrdinates are compared within the source, 
among the sources of the selected group, and between these sources and 
Piolemy. The value of the coordinates. the manner and format of their pre- 
sentation, and the implications of these for Greek - Arabie gengraphical theory 
aud cartography as well as manuseript - derived numerical data are élabo- 
rated in the following discussion. 


() Regarding the differences between the coordinates eited by Ptolemy 
and those allegedly derived from him fomud in Arabic sources, the prevailing 
explanation considers Arabie deta improvements ur corrections resulling 
from the newer independent observations and calculations made by Arab 
gcographers and astronomers, This theory, however, does not hold for 
the above examples, since in the ninth century the Arabs did nat have inde- 
pendently - obtained measurements for the old Greek toponyme in the 
region; heir post-Islamic acquaintance with the East African coast must 
have carly revealed that names like Rhapta no longer existed there, and a 
uew inveutory of ploce-names began tu be compiled, making Ptolemy's lists 
irrelevaur. 


9. At lenst two versions, in Syriac only, are hypothesired for Piolemy. Krachkovskii, pp. El, 86 . 

10. On the early degree measurements and vpdating Ptolemy see Krachkovekii, pp. 82 - Ü8. On 
early Arab eontaet with East Africa see, 6. ge , George Fadlo Hourani, Arab Seafaring in the 
Indian Deeon in Ancient and Early Medieval Times ( Princeton . University Press, 1951 ) . 
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Following Ptolemy, the Arab translators of Gergraphy list longitude 
first and latitude second. Al - Khorezmis text seems to describe a map, with 
1he sequence of caordinates following the topography of the coast: the general 
direction of the narrative is toward the east and south, The tables follow 
the clime division south 10 north and west to est. The system is repeated in 
Subräb’« work cited above, Al-Battänÿe reworking of Ptolemy, descended 
from a different translation, contains a cordensed introduction and tables of 
selected locations listed by the region rather than according to precise coor - 
dinates, although the west 10 east sequence is roughly approximated, Only 
one of Ptolemy's Eust African toponyme is retained here." The combined 
list of named locations with their coordinates frem Ptolemy and the three 
Arabic sources is offered in Table 1. 


TABLE 1 

Aromata / Tib  Opone/ Qanänä  Rhapta / Râfatä 
Ptolemy B3o 60N 81° 4015'N To æS 
al- Khorezmi/table 720 4030 N 72030 245°N 650 8°s 
al- Khorezmi/text 69030! 6o10/N  72030° 2020°N 660 7030" 
al-Battäni 820 430N 
Suhräb/table 73030 4045N 
Suhräb/text 69030 GeJO0N 72030‘ 2020N 65005° 7030 


Certain questions arise in regard to these figures. First of all, unlike 
Ptolemy, the Arabie data cited by the same author in tables and in the text 
may not always coincide, The examined texts do not contain discussion of 
itineraries or distance measurements in other units which might be compared 
against the degrees. The nature of the narrative, which describes what 
appears on the map rather than unequivocally citing location ecordinates. 
allows for some discrepancy between tbe table listinge and data extrapolated 
from the text. For instance, Kitab surat al- ärd offers slight variations in the 
coordinates of all three named East African locations. while the literal reading 
of the text does not claim mathematical precision + 


A3 9 éply Le Jus äue Jib 35 Nil ae 

de ME ue MEN oies Qi ie Jet Da El 5550 de 
oem Ja (bts äue JEAN 65 4 © As J ce Jp 
we Ge J 3j pis 


7. Subräb's work was origivally publi-hed in 1930 by Mäk, A: Battänt's zÿj by Nallino in 1904. 
Both are eited bere in the edition by L. E. Kubbel' and V. V. Matveev, Arabakie istochnäkt VIE 
= X vekou (Moscuw- Leningrad, 1960), pp. 401, and 296 — 297 respectively . 

8. Maik, 1926, p. 15 
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least two other systems in the early ceuturies of Islam, becomes dominant in 
later sources even where no other Greek influence is noticeable. Sixth, if 
early on Ptolemy's impact is clearest in, and almost limited to, the wvorks 
of mathemetical geography, his major concepts concerning the coutinents and 
the surrounding sea, the seven elimes. and the configuration of Africa peni- 
trate the genre of descriptive geography, dictionaries and encyclopedias . 
Seventh, within the widely accepted cartographie and conceptuel framework, 
the proportion of descriptive end cuordinate data traceable directly to Piu- 
lemy falls drastically from the very high in the ninth - tenth century works of 
the” Greek school to very low already by about the die of the eleverth, 


The region of Eust Africa was known to the Grecks, a to the Arabs ; 
only in its caastal port . Sailing from Aromata promontory one came to 
Azania,_traveling with the south wind as far as Rhapta sud Prasum. A1 830 
longitude and 69 latitude N, Aromata emporium lies only 2 west f Opone, 
firmly identified as Ras Hafun on the Horn of Africa: Rhapta, ” metropolis 
of Barbaria ‘is placed by Ptolemy at 719 longitude and 7 latitude S. The 
farthest Africen location east and south is the island of Menuthias at 850 
longitude and 129 30’ latitude S 5 


Of all these and other less significant and mostly unidentified locations 
in Geography. for which almost twenty sets of coordinates are provided, al- 
Khorezmi retains five, restructuring his table not to follow the outline of the 
coast as in Ptolemy but to begin with the southernmost part beyond the 
first élime. Thus, Rafafä (Arabie for Rhapta ) comes first, and al-Tib ( Ar. 
for Aromata } follows in the section on Le first elime, Two out of five coastal 
cities are designated merely as madina ala ‘L + babr * town by the sea, 
with no transeription of the Greek toponym presutsably listed in the original. 
Although coordinates are given, due te their significant and generally incon- 
sistent disagreemeut with those of Ptelemy, no identification is possible on 
their basis, The fifth remaining toponym wbick it is possible to place ou the 
eastern, rather than northern, coast of the Horn, is Qanana, In the discussion 
below Qanäna is held to be identical with Opone. 


Comsolt G, F. À. Nobbe, Claudii Ptolemuei Geographia ( reprint Hitdersheir, 1966). Hk. 1, 9. 
14, 17 aud Bk, IV, 7 and 8, The English translation by E. L Stevenson (New York, 1932) was 
üsed here. For identification attempts see Hans von Mäik. °° Afrika néch der vrabischen Bear. 
beitung der leuereuh veines des Claudins Piolemoeus von Mubanmad ibn Mus 
al Hvarismi, Ie iner Zeitchrÿfi für die Kunde des Morgenlandes, No. 34 (1916) and 
Bernhard Ste, ** Rhapta, Praeum, Menuthine, ‘* Zeitschrift der Geschichte für Erdkunde zu 
Berlin, 1921, No. 517, pp. 188 — 196 . 

6: See Hans von Maik, Das Kiab Surat al Ard des Abu Ga'far Muhammad ibn Musa ol Huscarismi 

(Leipaiz, 1926), pp. 3 — 6 . 
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ler attention especially in view of the still unresolved cartographie convent- 
ion which extends the African mainland south of the equator all the Way 
east to form the southern <hore of the Indian Ocean, The fact that Arab 
geographers of the Islamic era (cllowed this convention while drawing on 
Ptolemy has allowed to regard Arabic geographic sources as carrying on 
Ptolemy's tradition during the ceuturies when his work was lost to Europs, 
Thus, the maps credited to Ptolemy which reuppear in the West in the 15th 
century seem to agree with, and be confirmed by, medieval Arabic texts and 
maps. 

A few preliminary observations are in order regerding the extent of 
Ptolemaie influence on Arab authors in general ard in regard to East Africa 
in particular, First, a brief ccmment on the coordinates of latitude and longi- 
tude. To the extent that Ptolemy is regarded as the éarliest geographer to 
apply them systematically all Muslim greographers who employ such 
coordinates may be considered as having experienced, and accepted, his 
method to some degree. Ît may be worth nothing that such authors represent 
a numerical minority in the field of Islamic geography, however significant 
their output . Second, 1he use of the coordinates by some authors docs not 
guarantee the acceptance of Prolemy's figures or even of his method of com- 
puting the coordinates; this especially concerns the longitude, The nature 
of discrepancies and sume of the reasons causing them are discussed below. 
Third, there are authors acknowledging their debi to Ptolemy who not only 
do not use the degree coordinates but trausform his cartographie projection 
while filing the map and text with contemporary data. Fourth, no ” pure ” 
Ptolemy can be found in Arabie texts. Even the works regarded as transla- 
tions of Geography, such as al-Khorezmi's Kitab surat al-ard and Subräb's 
Kütäb “adja’ib al-agälim al. sabfa do not contain a complete Arabic version 
of the Greek text or tables, as well as differ from the book structurally.® 
In addition, already in tbe vinth century al-Khorezmi is thought to have 
corrected and augmented Ptolemy's data with new information being then 
obtained through scholarly efforts sponsored by the early Abbasids. Fifth, 
the Greck latitudinal system of the division of hebitable curth into seven 
zones ( * climes *, Ar, iglim } is introdueed into Arab geugraphy with al - 
KhorermPs reworking of Ptolemy* and, despite the parallel existence of at 


2 - G,J, Toomer,"Piolemy." Dictionary of Scientifie Biography. vol. XT{New York : Charles Scribner's 
Sons. 1475). p. 198 « 


3 - See discussion in Erust Honigmann, Dée sieben Klimata und die réheisèrlémuer (Heidelberg. 
1229), rap. pp. 120-125, 138, 155. Krachkovskii. esp. pp. 79-89, 54 and C. À. Nallino,* 
riami 6 il suo rifacimento della geografia di Tolomeo. ‘* Racecla di striui editi € edité, ol. 
(Rome, 1944), 45 — 532 . 

4, On iglüm in Arab geography +ee Encyclopacdiu ef Islam (2 nd ed.) s. v. , by André Miquel, and 
Honigmann. AI-Khorezmi's manner of placing the iglim boundaries is unique : Krachhoveki. 
p.95. 
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The welle recoguized debt of Arab geography to Claudins Ptolemy made 
a profound impression on the development of Arabic geographie science 
which goes far beyond mere translations of his Ceography. From as varly as 
the ninth century and as late as the 15th century most Arabic authors wri- 
ting in the genres of descriptive and mathematical geography echoed Ptolemy 
as à source for systematic description of the habitable earth. The major 
areas in which Ptolemaic influence made an impact on Islamic scholars inc- 
lude(1) géographie data: description of continents and seas, and the coordi- 
nates of settlements and of topographie features, (2) geographic theory, and(3) 
cartography. (Ptolemaic mathematics and astronomy are not discussed here). 


This paper is a re-examination of the nature and extent of the Greek 
influence on Arab geography traditionally ascribed to Ptolemy. limited to 
those early medieval Arabic works which demonstrate a recognized familia- 
rity with Ptolemy on all three levels. These include the writings of the famous 
early mathematician, astronomer and geographer Muhammad ibn Musa 
al-Khorezmi ( d. c. 232 / 846 — 847 ) and his less well known editor Subräb 
Cthe Grst half of the tenth century A. D. ) as well as the Kitab ol-zij al-Sabi” 
by the great astronomer al-Battäni (d, 317 / 929) . Their data will be explored 
below with a view toward certain special considerations regarding the histo- 
rical geography of East Africa. In addition, some questions of general 
methodology of interpreting data derived from manuseript Arabie sources 
will be considered. 


Although the general extent of Arab geographical borrowing from 
Ptolemy has been well explered,! the case of East Africa deserves partiou- 


* Department of History, Wathingtou State University, USA 
Paper presented at the interdiséiplivary conference for medievalists Imogining New Murlds : 
actual and Figural Discovery During the Middle Ages (Lebmun College, The City University of 
NewYork ; May 12 — 13 , 1989). Research for this paper was supported ia part by grants froun 
the America Philosophical Society aud the Washington State University Graduate Suloo! ; 

See, for example, 1, lu. Krochkovskii, Isbrannye sorhinenie, val. 4 : Arabskaïa goograficheskaio 

literaturo (Moscow Leningrad, 1937), cb. (1 (eousult aleo the Arabie translation by S. A. D. 

“Utbman Hasbim, Cairo, 1963) . J. H. Kramer, ** La littérature géographique classique dee 

musulmans, in J. FL. Kramers, Anolerta Orientolia, vol. 1 (Leiden: Bril, 1954) , pp. 112 - 204 

and Encyelopordia of Islam (2 nd ed) . #, y." Kbarita, by S. Magbul Ab: 


JR AUS. 1991 : Val 9 : pp. 31-43. 
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at the observatories of Delhi and Jaipur, and travelled to distant lands at 
the command of the raja. They took part in just about every facet of Jai 
Singh’ astronomical endeavor, Duyänata Khän was his most favored and 
honored nujäm, and perhaps played an important role in his overall program. 
He remained associated with the raja for more than 20 years . 


As the involvement of the Muslim astronomers slackened, the partic 
pation by the Europeans increased, indicating the raja's growing apprecia- 
n of the contemporary astronomy of Europe. 
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APPENDIX 


The Arabic and Persian books at the Sawai Man Singh IT Museum, Jaipur 


1. Jami®i Shôhï, Persian, (astrology) No. 2 (AG). 

2. Ziji Sulfônt of Ulugh Beg with commentary by Mulläb Chänd ; Persian : ( aéquired 1725 }, 
No. 6 (AG) - 

3. Ziji Suljänt of Ulugh Beg with cormmentary by “AK al-Birjändi, Persian, No. 5 (AG). 

4: Züjri Suljänt of Ulugh Beg, Persian, (acquired 1727), No. 11 (AG). 

5. Zi Khägnt of Ghiyath al-Dio al-Käshi, Persian, (acquired 1728), No. 9 (AG) . 

6: Zÿji Shähjahänt by Farid al-Din Mas‘üd ibe Ibrahim al-Diklawt, Persian, No. 12 (AG) « 

Te cesse. à second copy, (uequired 1725), No. 14 (AG) - 

B. Al Tofhim lion d'il sinätat al-tanjim by Abu'-Rayhäo el-Birant, Persian, {acquired 1125 }, 
No. 7 (AG). 

9. Aimagest, Arabic, (acquired 1725), two copies, Nos. 19 and 20 (AG). 

10, Kitäb_al-Mandgir of Ibn akHaytham as contained in Tangik al-Manägir by Kamäl al-Dio 
al-Färist, Arabic, No. 17,1 (AG) . 

11, The Arabie treatise où the rainbow and Juoar halo by Tbu al-Haythum, No, 17,2 (AG) . 

12, Lawd'ih os qamar by Husayn ibn “AL al-Bayhaqi al-Käahift, Persian, (astrology, acquired 112$ }, 
No. 1 (AG). 

13. AE Mulakhkhas fiL-hay'a by Mabmüd ibn Uroar al-Jaghamini, with commentary by Qadisäda 
ul Rümi, Arabie, (acquired 1725), No. 18 (AG) - 

14. Shark Tadhkira by Nisämu'd- din al-Nishäpuri, Arabie, (oquired 1725), No, 21 (AG) « 

15... second copy, No, 22 (AG) 

16. Sharh Shamahiya-Hisdb of al-Birjandi with commeutary, Nirämu'd-din ol-Nikhäpuet, Arabic: 

(acquired 1725), No, 10 (AG). 
17: Risäläh- haiat al-Kurst (?), Arabie, (nequired 1725), No, OÙ (AG) 
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The Gaxeta de Lisboa goes un to add that the délégation had come to 
resolve questions regarding the astronomical tables used in Portugal and in 
India, and to acquire knowledge about the old and the new instruments of 
astronomical observation, The delegation stayed on in Portugal for a few 
months and finally returned to India in 1780 with instruments, books and 
astronomical tables including the one by de la Hire published in 1702. 


Observers 10 Distant Islands 


Jai Singh believed that obervations must be taken from different 
Jocations on the globe, According te Jagannätha Samrät the king's command 
was: In every country, in the east, the south, the west and the north, 
everywhere observations are to be made." Accordingly, Muhammad 
Sharif was sent by the rajato Firanga country.# After having stayod 
there, he went to the island of" Mahaila” and determined its latitude to be 
49:12’ South# In this southern country, wbere the pole was seen to 
have an altitude, be observed the shapes of the constellations there, drew 
them on paper and brought back the dépictions, He alsa cheervéd the longi- 
tude, latitude and noon colatitude of the places of his visit.# 


In Dastura Kaumuara, there is no mention of any * Sharif” receiving 
a gift from the raja. However, there are several entries of gifts given away 
as cash and in kind to one ” Sheikh Muhammad Shafi.” It is possible that 
Shafï aud Sharif are one and the same person. The seribes üf medieval Indiu 
were not always careful with names, Different scribes entered the same 
vame differently depending on how it sounded to them, Besides, the possi- 
bility of error in copying from one record tu the another always exists. If 
thisis the case, then Sheikh Mubammed Shafï (Sharif) left on his overseas 
jouney shortly after 1729. 


Conclusion 


Jai Singh's interest in Islamic astronomy, and the participation of 
the Muslim astronomers in his program began sometime in the mid 1710« 
ur even earlier. Ît reached a peak around 1725, and then tapered off until 
the death of the raja in 1743. The astronomers searched out astronomical 
bkoos, constructed instruments, helped with the translations, colleetcd data 


45. Samräç Siddhônta ef Jagannätha Samrf, pe 1165, printed, Delhi, 1967. 
46. ‘The word Firanga does not necessarily mean ** Europe. * In the present context, it should be 
interpreted as ** thé land overseas under thé control of Enropeans. 

13. The latitude measurements indicate come icland in the Seychelles urehipeluge in te ridian 
ocean. Pingree in reference 2 has tried 10 identify Mahaila with the island of Muhe. However, 
he island was named much later, sometime in 1742 - 14 by a French explorer after tbe Chrie- 
Kia name of the Fench governor of Mauritius at the time. 

48. Ref. 45 
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iguore his * chief assistant ” and the author” of an important work such 
as the Zij-i Muhammad Shähr. The only reference that this author has been 
able to trace about Khairw’lläh, in the contemporary literature, is one by 
Brindäban. Writing about bim and Jai Singh, in his Safina-i Khushago, 
Brindäban remurks that Jai Singh spent two million rupees in the course of 
20 years on his astronomical pursuite, and that this was done with the advice 
of Khairuäh." The statement of Brindäban bas been, perhaps, too 
liberaliy intexprited than it really deserves. The author believes that 
Khairwlläh pleyed some role in the beginning perhaps, by urging the raja to 
undertake the ambitious task of revising astronomical tables. He might also 
have acted as an dccasional advisor to the raja. It is doubtful, however, that 
be was ever involved in the program of Jai Singb to the same extent as 
Dayänata Khän was. 


Delegation to Europe 


In 1727 Jai Singh dispatched a scientific delegation to Europe.” In 
the preface to the Zÿji Muhammad Shahihe say 
‘After seven years had been spent in this effort (observing the stars), information was récéived 


that observatories had been built in Europe... , and that the business 0f observatery was 
stil being earried on there, ‘40 


The delegation, first of its kind from the East, left Amber in 1797, 
paid a courtsey visit to the Portuguese Viceroy at Go, delivered presents 
to him, and then finally reached Portugal in January 6f 17294 The dele. 
gation was led by Father Figuerado, the rector of the college of Agra. The 
Gaxeta De Lisboa Occidental, in its issue of March 10, reports: 


** Around the end of the month His Majesty gave private audience to Father Manu] de Figuer- 
rado of the Society of Jesus. .  , (he) turned over to the king the letters und the gift from the 
king of Amber, Sawai Jai Singh …… He also brought along with him Pedro 
Mogol by birth; Sheikh Ji, a Mohammeden, "42 


The full name of the ‘’Sheikh Ji” mentioned above, it appears, was 
Sheikh Asadulläh Nujümi.# According to Dastura Kaumvara, the Sheikh 
was given a variety of gifts in 1726, a few months before the delegation left 
for Europe. 


38. Brindäban, ref. 2$ : 
39. Sharma, ref . 3, 

40. Ref. L. 

41. Goreta de Lisbou Occidental, p. 24, Jan. 20, 1729 
42. Ibid. , p. 80, March 10, 1729 . 

43. Ref. 9. 

44. Ibid. 
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not have sought assistance of anybody else, The Muslim astrenomers must 
have also contribute to the preparation of the Devanagari version of the 
Zij-i Muhammad Shähi,»0" 


Judging by the gifts in the Dastura Kaumvara, it appears that the 
involvement of the Muslim astronomers in Jai Singh's program, began some- 
time in mid 1710°s, renched a peak a decade later ad then tapered off some- 
time before his death in 1743.32 


It is interesting to noté that as the number of gifis to the Muslim 
nujümis decreased, the gifts 10 the Europeans- firangis + increased, reaching 
à similar peak in 1735.% The Europeans began to participate more actively 
in the program of the raja after 1727, and they performed essentially the 
same tasks as the Muslims did except that they were not involved in duta- 
taking at the observatories.# The replacement of the Muslim astronomers 
by Europeans indicates the raja’s growing appreciation of the contemporary 
astronomy of Europe.” 


Abwl Khair alias Khairulläh 


Khaïrw‘lläh has been called the chief assistant of the raja* ana 
the? author of the Ziji Muhammad Shähi% However, doubts are cast on 
the elaims made on bebalf of Khairu'läb, when one does not find any gifts 
or honors given to him in Dastura Kaumoura. It is inconceivable that the 
raja, generous as he was in bestowing honors on his scholars, would totally 


30. There was at leust one copy of the Zij-i Mufammad Shühï prepared in Devanagari, 
“The copy islisted in che inventory of tbe raja's personal library, taken in 1743, the. year nf 
his death Refer Tozi bundles, Pothikbana, Jaipur Rajya, Rajasthan State Archives, Bikaner. 

31, The other Sanskrit translations acquired by Jai Singh ai 
1 Ziÿ- i Nityänandi Shähjahänt, probably based on the Zij-i Shéhjahér 

Dihlavi, ( aequired 1727), No. 23 AG. 
2 — Ziji Ulughbog, (tables only), (acquired in 1729 from Surat), No. 45 AG. 

32. There are no gifts listed in the DK for the years 1732-1134, 1736 — 37, and 1739 — 1743, Ref, 4. 

33. Ref. 4, DK, Val. 18 and 20, See under kaum Musalomän and kaum Firanef. Also ree Tozi Bundles 
of Dofiur Nuskha Punya, Rajasthan State Archives, Bikaner, 

34. Sharma, Ref. 3 

35. Andrew Strobl, a Bavarian Jesuit, wbo was one of the European astronomere employed by 
Jai Singh, substantiates this. Tu a letter written to Europe, he comments that the raja wanted 
Europeans for each and every one of bis observatories. See Stocklein J. ; Neuve Heliboit, No. 
644, p. 15, Augeburg and Grate, 1728. 

36. For instance see Khan Ghori S, A., ‘* The Impact of Modern European Astronomy on Roja 
Jai Singh. ** Indion J. Hist, Sci. , p. 58 ; vol. 15, 1980 . 

37. Store C. A. , Persian Literature, vol. 2, part 1, p. 95, London, 1958. Also eee Nadavi, Suyyid 
Sulaiman, * Muslim Observatoriee,* Jslamie Culture, Vol. 20. p. 241. 1946, Khuiru'läh 
appears 19 have written a commentary on Ziÿ - à Muhammad Shähi. Refer Rahman A. et al, 
Science and Technology in Medieval India- À Bibliography ef Source Materials in. Sanakrit, 
Arabie and Persian, p. 285, New Delhi, 1982 . 


Ibrähim al- 
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copied from the existing texts. Asadu'lläh provided a copy of Jami*-i Shäht, 
a work on astrology,* Mulläh Lmämu'ddin Nujümi was responsible for 
preparing a copy of Zÿj-i Sulfänt of Ulugh Beg, and according to Dastura 
Kaumvara, wos awarded a sum of Rs. 100 in 17252 And then again in 
1726, he received a sum of Rs. 200, presumably for his labors on the manu - 
script, The manuseript was 1dmitted to the library in 1727,4 Imämu'ddin, 
according to Brindäbau, was a highly respected scholar of mathematics, 
He resided in Delhi and died in 1733, 


Translations into Sanskrit 


Although Jai Singh solicited assistance from astronemers of all faiths, 
Hindus remained the mainstay of his program, and they carried out their 
work in Sanskrit. Primarily, for the benefit of these scholars , Jai Singh 
had x number of works translated into Sanskrit. Nayan sukhopädhyäya 
translated Tadhkira of Naÿir al-Din al-Tusi with al Birjandÿs sharb. The 
translation was done with the assistance of Muhammad Âbid, and was comp- 
leted in 17296 Nayauasukhopädhyäya trauslated three other books as well, 
namely: Chargranthak based on some Arabic copy of Spheries of Theodosivs; 
Hayatagrantha, based on à Persian work Haïat; and Yantraräjrisala bisa 
bäba from Nasïr al-din Tuïs Risala Bisa baba.” À fourth book-Sarradesyu- 
jarkäliyantra — may also have been translated by him* These trans: 
lations were apparently done with the assistance of astronomers such as 
Muhammad Abid. Jagannätha Samrät, the religions guru of the raja, wrote 
Samrôt Siddhänta based on some Persian or Arabic copy of Ptolemy's 
Almagest. According 10 Dikshit the work was completed in 1731. Jagan- 
nätha himself was reputed to be well versed iu Persian and Arabic, and might 


21. Ibid. Bobura, pp. 72-73. 
22. Dastura Kaumvara, val. 18, p. T45. 
23. Ibid. 
24. Bahura, ref, 7, pp. 74-15. 
25. Brindäban, Sofind- À Khushgo, mé, £. 123, Khuda Bakheba Oriental Public Library, Pataa. 
Recently, the boëk has been published from Pat. 
26. Tadhkira of Nagir ol. Din Tusï in commentary of AU al- Birjandi by Nayanasukhopädhiye, 
ms, No. 46 AG, Sawai Man Singh Museum, Jaipur, 
27. Bahura Ref, 20 : 
1. Okaragranthah, (eopied 1729, acquired 1730), No. 44 AG; 
2. Hayata- granthah, (acquired 1738), No. 24 AG. 
32 Yantraräja rieälà bisa bäba, No, 42 AG, and 
4. Jarkäliyantram, No. 5483. Khas Mobar collection. 
Pingree, Ref. 2. 
Dikshit, Bal Cangadhar, History of Hindu Astronomy, Hindi version, p. 399, Lucknow, 1975 
‘The Jaipur catalog gives 1128 as the compleion date of the Samräf Siddhänta. However, the 
date given by Dikshit appears to be more appropriate, as it is supported by internal evidence 
from the boûk . 
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Ghuläm Husain and Kisandi Khän (2) were receiving daily wages in 1733 - 
34 at Jaipur along with the other observatory employees when finisbhing 
touches were being given to the observatory there. 


Jai Singh's primury aim in erecting the observatories had been to 
prepare a set of astronomical tables, i. e., à Zÿ. It is very likely that some 
of the astronomers mentioned above were on the team that compiled the 
tables for his Zÿj-t Muhammad Shähi. However, the Zij does mot mention any 
such astronomers or their contributions. 


During the times of Jai Singb, or somewbat before him, there had been 
some excellent astrolabe makers in the country, and Jai Singh wus a coileetor 
of fine astrolabes. His Persian astrolabes were presumably engraved or pro- 
cured by his Muslim assistants. However, n0 names could be traced in the 
Rajasthan records that would definitely establieh the makers of the astro- 
labes for the private cellection of the raja. 


Astronomical Texts 


Jai Singh’ early training had been solely under Hindu pundits just 
as of any other Rajput prince of the time, and he studied the Hindu school 
of astronomy first. However, he soon developed interest in the Persian- 
Arabic school of the subject, and began acquiriug books and patrouizing its 
scholars. In 1716 he received the first two Persian books for his library, 
Turiya Jantra aud Turiya Jantra Pilki, from Sheikh Abdullah." Ie is 
noteworthy that the books were on instrumentation, indicating the raja's 
early interest in observational astronomy. Prior to 1716. according 10 invent- 
ory of his library of 1715, he had Sunskrit texts only.” Gradually, he 
acquired quite a few books in Pereian and Arabie en both astronomy and 
astrology. Many of these books have survived, and may still be seen in the 
collection of the Sawai Man Singh IL Museum of Jaipur.% A list of these 
books is given in the Appendix . 


The books were either purchasod directly from their owners, or were 


17. Toxi Bundles Imarat Khana, V. S. 1791, Jaipur Rajya, Rajuethon State Archives, Bikaner. 

18: File No. 424 / 1 . Jaipur Rajya, Rajasthan State Archives, Bikauer, The recordn in the file do 
not give the Persian titles of the books. ot uncommon for Jai Singh librarians, bowever, 
40 list a book by its content, particularly, if it was not in Sanskrit or Hindi. Ou the other hand 
it is aléo possible that the two booke brought by Abdullah were Persian renditions of some 
Sanskrit texts - 

19. Ibid. The inventory accounts for a total of 32 books on astronomy in Sanskrit. 

20. Bahura, G. N., Catalogue of Manuseripis in the Maharaja of Jaipur Museum, Jaipur, 1971. 
David King has given a brief description of the manuscripts in: ‘* A Handlist of the 
Arabie and Persian Astronomical Manuscripts in the Mahnraja Mansingh 11 Library in Jaipur,” 

J. Hist. Arabie Sci. ; 4 (1980), pp. 82 — 85 . Also see Pingree ref. 3 . 
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In this paper it will be assumed, however, that the gifts, awards, and 
honors which the nujämis received, were primarily for their services 
related to astronomy, 


Dayänata Khan und other Nujümis 


Jai Singh'a most favored and decorated Muslim astronomer, according to 
Dastura Kaumvara, was Dayävata Khän*. He came in contact with the 
raja at au early date, i. e., before any of bis observatories were completed, 
and remained ass with him for more than two decades. In 1718 he 
received his very first aud a very generous gift of Rs. 300 from the raja. 
Then in 1724 Le was honored again with « siropa and some other gifts. During 
a period of more than twenty years that he remained associated with the 
raja, Dayänata Khäu was decorated at least six different times, The very 
last gift received by him, according to the records in Dastura Kuumvara, 
vas in 1749.6 It is reasonable to assume that Dayänata Khäa played a 
major role in the program of the raÿa. 


The nujümis who received gifts and honors from the vaja, and about 
whose contribution little is known, include Nizäm Khän (1717) Mirzä 
Abdur-rabmän (1721)* Sheikh Asad allah (1718, 1720, 1726)* Sheikh 
Asatw'lläh (1719, 1720)% Mubammad Abid (11725)4 Sheikh Ahmad 
(725) Sayyid Muhammad (1725 - 1726), Sheikh Muhammad Shafï 
(1725 ,1729)% and Va'iz Muhammad Mehdi (1731). 


Contribution of Muslim Astronomers 


The Muslim astrouomers coustructed the early instruments of the 
raja, which according to the Züÿ-i Muhammad Shaht, were based on the Is- 
lamie books.'® It is reasonable to assume that the astronomers were also 
involved, to some extent, in erecting the masonary instruments of the ob- 
sérvatories of Delhi and Jaipur. According to the Jmarat Khana records, 


5. DK, Vol. 19, p. 563. 

ü. Ibid, 

7. Ibid. The parentheres indicate the year of de gift recorded in the DK. 

8. DK, Vol, 18, p. 557. 

9. DK, Vol. 18, p. 540. 

10, DK, Vol. 18, p. 554. Le ie quite likely thot Asatu'läh and Asadu'lläh (ref, 9) are the same person. 
The seribes of Jaipur State were not always careful with their spellinga, 

11. DK. Vol. 18, np 590 - 591. 

12, DK, Vol. 18, p. 502. 

13. DK, Vol. 20, pp. 193 — 194. 

14, DK, Vol. 20, p. 604. 

15. DK, Vol. 20, p. 192. 

16. Ref, L 


Muslim Astronomers at Jai Singh’s Court 


Virenpra N. SHaRMa* 


Sawai Jai Singh (1688-1743) , ruler of Amber, patronired astrogomers of all faithe, Brahmin 
pundits, Muslim nujümis and Jesuit priests from Europe contributed to bis program of 
rejuvenating astronomy in the country. Although mucb is knowu about bis Hindu and 
European assistents,23 little has been written about his Muslim assistants, The object of 
this paper is to shed light on the Muslim scholacs, and on the serviess they rendered 10 the 
cause of the raja, 


Dastura Kaumvara 


This paper is based primarily on the Rajasthan State Archives’ Das- 
tura Kaumwara books, à 32 volume set, in which favors, honors, and gifts 
expendad by the rulers of the Amber or Jaipur, over a period of several 
generations, are recorded. The Dustura Kaumvara records go back to the 
times of the emperor Akbar: however, they are more numerous for the Jai 
Singh period. In the records, the Muslim astronomers are listed under the 
category Muslim and identified by the title nujämi ( astronomers/astrologers). 
Jai Singh awarded his nujfmis a variety of gifts, such as a siropa or ceremo- 
nial dress, a horse, or various amounts of cash ranging anywhere from Rs. 1 
to Rs. 1000. The Dastura Kaumvara records sometime elaborate upon the 
reasons for a gift. wbereas at other times they simply list the amount spent 
on the gift items. 


* University of Wisconsin, Meuacha, USA, 

1. Züjei Jadid Muhammad Shäht, Ms, London, B. L. Add: 14373: f. 1. 

2. For Jai Singh's Hinda astronomers, see D, Pingree, * Indian and Iélamié Astronomy at Jaya- 
simhae Court, ‘*_ 10 appear. 

3. For his European assistants, see V. N. Sburma, "Jai Singh: His European Assistants and the 
Copernican Revolution, ** Jndian, J. Hist, Sai.. 17 (2), 333 - 444, 1982 

** The Impact of the Eighteenth Century Jesuit Astronomers on the Astronomy of India 

J. Hi 17 (2), 345 355, 1982. 

Astronomers in Eighteenth Century Indian, ‘* Arehites Internationales d'E 
des Sciences, 34 (1984), pp. 99 — 107. 

4. Dostura Kaumvora, Rajasthan State Archives, Bikaner. Originally, tbe recorde had been kept 
on 5 "x 7", loose leaves of puper, known as the arsaitas. Thé arsaitas, during the later years of 
the 19h century, were copled into large size books of almost 1000 pages each, as we nd tem 
today. The books have à total of almost 100,000 entries, arranged alphabetically according to 
the category of the récipients. However, exceptions are numerons, and scattered throughout 
the volumes. For example: ‘The Jesuits, such as Manuel Figuerado, are listed under the 
category ** Musalemän ®(Muclim), and noc under Firingf , aë oue would expret. The Dastura 
Koumoara will be referred as DK benceforth. 
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par les preuves que nous avons présentées (dhakara) dans ce Lraité que chaque 
cerele est l'équivalent d'un carré rectiliene. Ten résulte dès lors l'‘’errancité" 
(fasad) de ceux qui soutiennent cette opinion illusoire ({'ifa) et l'évidence 
(wadh)que chaque eerele est égal à un carré rectiligne, Et les opinien (me‘anin) 
de la raisou n’ont pas besoin d'être vérifiées ( hugaig ) jusqu'à ce que l'homme 
les concrétise et les actualisé ( &la reujad al-insan laha wa ikhrajiha ilu” LfiT) 
Mais il suffit que la preuve nille jusqu’au seuil de la réalisation ( imhan ), et 
l'opinion (en question) sera justifiée - que l'homme les conduisé à l'acte ou non. 
Et voilà qui est assez pour la vérification (t&hqig) de cette opinion. Nous avons 
atteint notre but . 
Fin du traité 3 
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la ligne DC. est done une et ne change pas, parce que la ligne AD est une ligne 
dont la grandeur est connue et ne change pas. Qu'on relie BC et on obtient 
le triangle BCD. Le rapport du triangle ABD an triangle BCD est égal à 
celui entre la ligne AD et lu ligne DC, et le rapport entre AD et DC est le même 
qu'entre le croissant AEBH et le cercle HMEN,. Et le triangle ABD est au 
triangle BDCce qu'est le croissant AEBH au cercle HMEN [ABD : BDC — 
AEBH : HMEN ]. Et par inversion, le rapport du triangle A BD au croissant 
AEBH devient l'équivalent du rapport entre le triangle BDC et le cercle 
HMEN ( ABD: AEBH = BDC : HMEN]. 


Quant au croissant AEBH, il a été prouvé qu'il est l'équivalent du tri- 


angle AB. Ainsi, le cercle HMEN est égal au triangle BDC, et chaque triangle 
est égal à un carré - comme aété démontré dansle deuxième livre des Éléments, 


Et pour rendre un carré égal au triangle BD, prenons un carré SFQJ" 
(ig. 3). 


Té 
GE le 
Fig,3 
(vat , arab 
Fe 05 320, 5) 


Le cercle HMEN est alors équivalent au carré SFQJ et le rapport 
entre les diamètres AG et EH est connu, parce que les grandeurs respectives 
de ces diamètres sont counues . Et pour que le rapport entre AG et EH soit 
égal à celui entre XQ% et FQ, il faut que le rapport de AG au carré à EH 
au carré soit égal au rapport entre XQ au carré et FQ au carré 
LAG? : EH? = XQ? : FQ?]. Traçons eur la ligne XQ un carré, soit le carré XT. 
Le rapport de AG au carré à EH au carré sera alors égal au rapport entre les 
carrés À T'et QO[ AG? : EH? = XT : 0]. Et AG au carré est à EH au carré 
ce qu'est le cercle 1BG au cercle HMEN | A EH? = 1BG : HMEN). 
Le rapport du carré XT au carré Q0 est égal au rapport du cercle ABG au 
cercle HMEN. Le carré QO est égal au cercle HMEN et le carré XT au 
cercle ABG, Dès lors, il est prouvé par cette démonstration que chaque cercle 
est égal à un carré rectiligne. Mais quant à savoir comment trouver ce carré, 
nous rédigerons à ce propos un traité particulier, puisque dans ce traité nous 
avons uniquement voulu démontrer que cette vpinion (ma*nä) est possible 
et que l'avis (ifriqad ) de ceux qui croient qu'il est injustifié ( la yayihhu ) 
qu'un cercle équivale à un carré est erroné. En fait, nous avons démontré 


37. Comme Suter j'adopte 0 pour la lettre arabe ain . 
38. De même X pour lu lettre arabe shin + 
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change ni de genre ni de grandeur, ni de forme ni de configuration (haÿ’a)” 
et si elle - même, la grandeur, est invariable, ne change ni de forme ni de 
grandeur, ni de genre ni de configuration (hay’a), et si donc et la grandeur 
et sa partie ont cettes propriétés (ala hadhihi as sifa ) il w’existe pour la gran- 
deur et cette partie qu'un seul rapport qui ne change pas et n'adopte pas 
d'autre aspect. Si la grandeur du cercle ABG est connue (ma‘läm}* , seront 
connus aussi son périmètre et son diamètre ainsi que sou centre, le diamètre 
AG et l'are AB qui équivaut à au quart du périmètre . Seront des connues la 
ligue AB ( corde } et la ligne BD ainsi que le triangle ABD . J' entends par 
une connue ce que j'ai décrit pour le cercle A BG ( ff sifat add@ira }, qu’elle 
soit invariable et ne charge pas, car la connue chez les mathématiciens est 
ce qui ne change pas. Et soit connu le demi- cercle AEB puisque la ligne AB 
qui est son périmètre est connu; des conaues sont aussi l'arc AEB, parce 
qu'il ne change pas, et l'arc AHB en sorte que le croissant AE BH est connu- 
j'enteuds par 1 qu'il est invariable quant à ses propriétés (thabit “al sifa 
xähida ) … 1 ne change ni de genre ni de grandeur ni de forme + par genre 
j'entends qu'il est une surface plane. Et soit connue la ligne KE qui forme la 
moitié du diamètre connu, ainsi que la ligue KH puisque les deux points K 
et A sont connus. 11 reste alors la connue EH, c'est-à-dire (étant une connue) 
elle ne change ni de grandeur ni de forme ni de configuration. La ligne EH 
est le diamètre du cercle HMEN, et le cercle HMEN est connu, ne change ni 
de grandeur ni de forme ni de configuration. Or, le cercle HMEN est une 
partie du croissant -!{ BEH et tous deux ne changent pas d'état et appartien- 
nent au même genre puisque l’un faitie part de l'autre. Ainsi, le croissant 
AEBH a au cercle un rapport invariable aux propriétés fixes ( nuyba thabita 
“al sifa wähida) qui ne change pas d'aspect. Et chaque rapport de n'importe 
quelle grandeur à sa partie est égal au rapport de chaque grandeur à une 
partie semblable à cette partie (appartenant à la première grandeur). Ainsi, 
le rapport du croissant AEBH au cercle HMEN est égal au rapport de laligne 
AD avec nne de ses parties, que nous connaissions la grandeur de cette partie 
vu non, (en fait } nous ne pouvons pas la découvrir et w'arrivons pas à la 
trouver, Suit DC cette partie, en sorte que le rapport de AD à DC est le même 
qu'entre le croissant AEBH et le cercle HMEN. Ainsi, le rapport de AD 
à DC est un rapport invariable qui ne change jamais. Et si ce rapport est tel, 


35. K. Kohl traduisit l'ouvrage astronomique d'Tbn al -Haytham Küdhfi Hay'ai al - “Alim par 
Über den Aufbau der Welt" ("* Sur la constitution du anonde**).** Hay ** peut aussi désigner 
carrément l'astronomie, Nusiraddin at Tüsi, pour ue citer qu'un exemple, 9 ainai écrit un 
ouvrage intitulé a-tadhkira fi “Tim al. Hay'a (°* Mémoire d'ostronomie **). Dans le contexte 
précent * configuration * nous semble être la traduction adéuate, 


36. Jbu al-Haytharn suit ici de près la terminologie et les définitions qu'il « adoptées dans son 
Traité des conaues géométrique (ef. M. L. Sédilloi : Matériaux pour servir à l'histoire com 
parée.… op. cit, ; vol 1, 378 5). 
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Puisque ceci est prouvé, occupons: nous de nouveau du cercle, du erais- 
sant AEBH ainsi que du triangle A BD. Divisons la ligne AB en deux parties 
égales dans le point K, de sorte que K devienne le centre du cercle AEB 
(fig. 2). Relions DK et prolongeons cette ligne jusqu'à ce qu’elle coupe les 
arcs 1HB et AEB dans les deux points H et E. DKH devient ainsi le diamètre 
(demi- diamètre) du cercle ABG et (KHE) le diamètre (demi-diamètre) du 
cercle AEB parce qu'elle passe par les centres des deux, Divisons la ligne 
EH en deux parties égales dans le point L et faisons de ce point en décrivant 
avec HL pour rayon (?) le centre d’un cercle pour obtenir le cercle HMEN. 
Et ve cercle tonchera du dehors le cercle ABG et de dedans le cercle AEB 
parce qu'il rejoint chacun des deux cercles par les bouts de son diamètre, 
commun à toutes les trois figures. Ce cercle se trouve en entier à l’intérieur 
du croissant AE BH, il est donc une partie de ce croissant, 


Or, chaque grandeur a un rapport déterminé avec chaque grandeur 
qui lui est inhérente. Mais personne ne connaît ce rapport et n'arrive à le 
connaître parce que le rapport des grandeurs entre elles n'est pas conçu pour 
la connaissance des hommes ni pour qu’il leur soit possible de le découvrir où 
connaître ( laisa hiya min ajli “ilm an» nas bihà wa là min aÿli qudratihim 
Salä istikhräjiha wa mafrifatihä) . C’est que le rapport entre les grandeurs est 
quelque chose de propre aux grandeurs du même geure (jins). Si deux gran 
deurs appartiennent au même genre et chacuue d'elles est limitée (makçur), 
finie (mutanahi) ,invariable (thabit), fixe dans su grandeur (bagi “alä miqdärihi), 
ne change aucunement d'aspect (wajh), n'augmente ni ne diminue et reste 
dans son genre, le rapport de ces deux grandeurs reste le même, il ne mue 
pas et ne change pas d'aspect. Et pour chaque grandeur dont une partie 
appartient au même genre vaut que, si cette partie est limitée, finie, ne 
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périmètre le poiut B. Traçons alors les deux droites BG et 1B et circonscri- 
vons à ces droites les deux demi- cercles AEB et BZG. 


Et je dis que les croissants AEBH et BZGT sout ensemble égaux au triangle 
ABC. 


8 EST 
Eu # E RORZS de 7 
ar 
iA D 7 


La preuve est que de deux cercles quelconques le rapport d’un cercle à 
l'autre est égal au rapport du carré d'un diamètre au carré de l’autre - comme 
il a été démontré dans le deuxième axiome du livre XIT des Éléments. Ainsi, 
le cercle BZG. est au cercle BEA ce quest GB au carré à B.1 au carré [ BZG : 
BEA — BG: : AB°]. Et par composition (tarkib) on obtient : GB + AB?: 
AB? = BZG + BEA : BEA. Or, GB au carré et AB au carré sont égales à AG 
au carré ( GB? + AB? — AG? ). Ainsi: AG? + AB? — BZG + BEA : BEA. 


Et AG au carré est à AB au carré ce qu'est le cercle ABG au cercle 
BEA (AG: AB? — ABG : BEA]. Et le rapport des cercles BZG et 
BEA au cercle BEA est égal au rapport du cercle A BG au cercle BEA [ BZG 
+ BEA : BEA = ABG : BEA, Ainsi, le cercle ABG est égal aux cercles 
BZC et BEA, Dès lors, le demi- cercle A BG est égal aux demi- cercles BEA 
et BZG, Et si nous êtons les segments AHB et BTG qui ont part (mushe 
tarikän ) aux cercles ABG et aux deux cercles AEB et BZG, il reste le triangle 
ABG qui est l'équivalent des croissants ALBH et BZGT. Et c'est ce que 
nous avons voulu démontrer. Et si les arcs AHB et BTG sont égaux, les 
lignes AB et BG s'équivalent, de même les les AEB et BZG, et sont des 
équivalents leurs maitiés ainsi que les croissants AEBH «1 BZGT. Relions 
encore B et D, et les triangles ABD et BDG sernt égaux. Or, nous avous 
démontré que les deux croissants sont équivalents et que les triangles BD 
et BDG sont égaux. Et si chaque croissant est égal à chaque triangle , le 
croissant AEBG est égal au triangle ABD. 
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Au nom de Dieu le clément 
et miséricordieux qui réjouit les coeurs 


Traité d'Ibu al-Haytham sur la Quadrature du cercle . Beaucoup de 
philosophes (mutafalsifun) sont convaincus qu'il est impossible que la surface 
du cercle soit équivalent à la surface d’un carré rectiligne" et ils repoussent 
cette opinion (ma®ng) dans leurs disputes et controverses. On ne trouve ainsi 
chez aucun des anciens ni des récents une figure rectiligne qui corresponde 
à la surface d'un cercle jusqu'au terme de la précision, Or, Archimède qui 
fait mention dans la mesure du cercle n'y utilisa qu'une partie de la surfac 
Et c’est cet état de choses (ma‘na) qui a entres autres renforcé les philoso- 
phes dans leur conviction. Puisque c’est ainsi qu'il en était, nous avons 
dirigé le regard de notre pensée (nagar al - fikr) sur cette opinion et il nous 
parut possible et aucunement dificile ( de la soutenir). Il y a un pendant à 
cela : il existe une figure lunaire limitée par deux segments cireulaires qui 
est égale à un triangle et une autre qui forme ensemble avec un cercle un 
triangle. Nous avons évoqué plusieurs figures différentes de ce genre dans 
notre livre sur les figures lunaires. Après avoir médité sur les propriétés 
(sifa) des figures lunaires, il se corrobora en nous la conviction qu’une surface 
circulaire égale à un carré rectiligne appartient au domaine du possible 
(annahu min al - mumkin) , et nous avons approfondi la chose jusqu'à ce que 
la preuve fût manifeste que cette opinion est possible et qu'aucun doute 
n'existe quant à la possibilité ( imkan ) de la démontrer. C’est alors que nous 
avons rédigé ce traité. 


Nous disons que pour chaque cercle dans lequel où trace un diamètre 
ét marque dans un des demi- cereles un point au hasard (haifama ittafaga), 
trace à partir de ce point deux droites vers les deux bouts du diamètre et 
circonscrit par la suite à ces droites deux demi- cercles, (pour chaque cercle 
donc) vaut que les croissants limités par les périmètres des deux demi- cercles 
et l'arc du premier cercle sont ensemble équivalents au triangle limité dans 
le premier cercle. Nous avons démontré (bayyana) cette opinion dans notre 
livre sur les figures lunaires, voulons toutefois reproduire la preuve (burhän) 
dans ce contexte. 


Soit un cercle ABG ( fig. 1) et un point D comme centre. Faisons passer 
par Dune ligne ADG en sorte que AG soit le diamètre et marquons sur le 


33. Ce pléonaemne vient de ée qu'ibu al-Haytham veut commencer par démontrer l'équivalence 
foncièrement possible entre une figure circulaire et une xectil 

34, Sue remarque ici à juste titre qu'lbo al-Haytham fait probablement allusion à ce qu'Aréhi- 
mède opère avec le polygone de 96 côté» et w'atteint par Ià qu'une quadrature approximative 
{ef op. cie. , p. 36). 
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gination, elle, est douée d'un pouvoir cognitif qui s'explique par la con- 
nexité étroite avec la raison dont il a déjà été fait mention, Non seulement 
ses images sont soumises aux lnis optiques, mais elle est apte à distinguer les 
” catégories * visuelles et à les mettre en relation avec l'objet perçu? 
D'autre part, l'imagination a une fonction de soutien, Dans le débat sur les 
rayons visuels, Ibn al-Haytham tranche aiusi que ces rayons ne sout que 
des lignes imaginaires servant à illustrer et à expliquer l'acte de la vision 20 
Ce sont justément ces deux plans de l'imagination qui fournissent les critères 
nécessaires pour le concept du possible d' Ibn al: Haytham : d'un côté la 
faculté distinctive qui discerne les aspects possibles d'une forme qu'elle soit 
une espèce ou une figure géométrique, de l'autre le caractère foncièrement 
médial de l'imagination qui permet de mettre en rapport lignes, angles et 
figures. L'imagination devient ainsi la pierre de touche du possible, c'est-à- 
dire de ce qui peut être mis en relation. Jl reste, cependant, un aspect qui 
distingue l'opinion de la raison du jugement (ray) : celle- ci, du moins dans le 
contexte présent, n'a pas de fondement dans le monde sensible, L'imagina- 
tion ne sert alors pas à vérifier le réel. mais se déploie dans la spéculation. 
à une méthodologie conjecturale telle qu'elle a été démontrée récem- 
ment pour Nicole Oresme® il ne reste plus qu'un pas à franchir. 


La traduction a pour base l'édition critique de H, Suter.%? Elle suit de près le texte arabe, avec 
toutes les répétitions et redondances apparentes, et ne prétend done pas à un meilleur style qui 
d'ailleurs fauséerait le caractère de l'original. Les termes techniques ainsi que les locutions qui 
ne peuvent être traduites littéralement sont misentre parenthèses. ( Les schémas sont tirés du 
manuscrit vat. arabus 320 rapporté en 1622 de Perse par Pietro della Valle . } 


28. GE éd. Risner, IT, 76, pp. 7-1. 

29, Cf. ibid. ; 11, 62 64 , pp + 66 68. 

30. Cf. ibid. , 1,23 , pe 14. 

81, Cf. Jeunnine Quillet :** L'imugination selon Nicole Oresme **, Archives de Philosophie ; 50 (1987) + 
219-297 — Pour l'importence de l'imagination dun 
auteur du moyen âge ef. Edith D. Sylla, " Mathem: 
of the Oxford Caleulators : Roger Swinedhend’'s On Natural Motions'*, Mathemat 
applications 10 science and natural philosophy in the Middle Ages ; ed. par E. Grant et John E. 
Murdoch, Cambridge / London / New York. 1987 ; 69 102 , 

32, Pour son édition de la Quuirature du cercle d'Tb al. Haytham, Suter a utilisé les rés, MF, 254 
et My. 559 de la Bibliothèque de Berlin ainsi que le vat, arabus 320 de la Bibliothèque Apouta 
lique . — Pour d'autres mannserits cf, G, Nebbia, op. eit. . 191 . 
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Tenons compte de ces instructions pour examiner si l'opinion possible dont 
il est question dans la Quadrature du cercle se réfère également à une réflexion 
de méthode. Pour l'approche du problème mathématique de la quadrature 
bn al-Haytham d'abord rappelle au lecteur un des ses ouvrages antérieurs 
qui porte sur les figures lunaires et dans lequel il a déjà évoqué des configu- 
rations géométriques ne figure circulaire est égale à une rectiligne# 
Le procédé qui suit s'effectue en deux étapes. En voilà brièvement la des- 
cription: À première vue, la démonstration ressemble à celle d'Archimède?t 
dans la mesure où Ibn al-Huytham argumente au moyen de rapports et birap- 
ports qui se fondent sur de simples règles géométriques du type: le rapport 
d'un cercle queloonque à un autre est égal au rapport du carré de son diamètre 
au carré du diamètre de l'autre cercle. Ibn al- Haytham omet cependant 
caleuls et bissections d'angles. Dans une première étape, il démontre ainsi 
l'équivalence entre une figure circulaire et une triangulaire, Ensuite, se fon- 
dant sur un axiome du deuxième livre des Éléments d'Euclide selon lequel 
chaque triangle est égal à un carré, il entame la deuxième étape et illustre 
par une double analogie (si a = het b — c, alors a — » ) qu'effectivement une 
équivalence entre cerele et carré vst possible. Le traité conclut avec l'obser- 
vation que 
“les opinions (ma®änin) de Ia raison n'ont pas besoin d'être vérifiées (hagd"ig) jusqu'à ce que 
l'hamme les concrétise et les actualise 

L'argumentation d' Ibn al-Haytham dans cette Quadrature du cercle 
est, en effet, plausible, les analogies s’enchaînent sans difficulté en sorte 
que le lecteur accepte de prime abord facilement la démonstration. Mais de 
là à dire qu’elle n’a pas besoin d'être menée à terme, cela reud quelque peu 
perplexe, En fait, il faut se demander à cet endroit ce qu’entend Ibn al- 
Haytham exactement par le terme ” possible ”. La possibilité de la quadra- 
ture du cercle résulte pour lui d’une opinion de la raison. Même en admet- 
tant que cette opinion opère tout comme le jugement (ra'y ) avec des images 
intérieures, ou ce qui est plus approprié dans ce contexte avec des figures 
géométriques représentant des rapports déterminés, les critères de la vraisem- 
blance ne sont pas eucore clairs, Pour reconstruire le fond de la pensée d'Ibn 
al-Haytham, il faut. ici aussi, recourir à la Grande Optique. 1] s'y trouve une 
distinction importante entre imagination et fantaisie, Contrairement à la 
fantaisie qui n’est qu'un réservoir d'images qui n'ont pas été vérifiées, l'imas 


25, 1 doit s'agir soit du ** Traité abrégé sux les figures Iunaires * soit du ‘ Traité circoustunc 
Je figures lunaires qui figurent aux numéros 20 et 21 dans la liste transmise par Jon Abr Uje 
Ni l'un ni l'autre n'a été publié, 1 serait intéressant de savoir ai Ibn al-Haytham va dans seu 
traités au-delà des considérations d'Hyppocrate. 

26. Cf. Archimäde : La mesure du cercle, texte établi et traduit par C. Mugler, Oeuvres, 1, Paris 1970, 
135-143. 

27. Cf. Euclide : Éléments. XI , 2 


xiome + 
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Voilà pour l'épistémologie d'Ibn al-Haytham, Qu'en peut-on conclure 
pour sa Quadrature du cercle ? Ibn al-Haytham se propose d'abord de com- 
battre la conviction des philosophes qui ne éroient pas qu'il y ait une solu- 
tion au problème de la quadrature du cercle. Il parle dans ce contexte de 
maÿnä, d'opinion : la quadrature du cercle est à ces yeux une opinion possible. 
Le terme mafnà recouvre dans l’œuvre d'Ibn al + Haytham plusieurs sons. 
Une des plus passionantes est certainement celle des mafanin basariyya, 
que la version latine de la Grande Optique traduit par ” intentiones ”. Pour 
souligner les traits les plus saillants du concept qui s'y rattache, il n'est pas 
sans intérêt de faire à cet endroit un rapprochement avec quelques données 
fondamentales de la philosophie aristotélicienne, On peut alors aflirmer 
qu’au contraire des catégories du Stagirite qui reposent sur ce qui peut être 
dit, Ibn al-Haytham développe vingt-deux ” catégories ” à partir de ce qui 
peut être perçu visuellement tels que les couleurs, la grandeur, le site ou la 
disposition des parties d'un objet. La différence réside néanmoins dans ce 
qu'Ibn al-Haythaw ne peut dégager , comme le propase Aristote, le fond 
véridique d'une opinion ( doxa }, comisunément admise, au moyen d’une 
dialectique de la langue , mais laisse décider les mathématiques de la vrai- 
semblance. Et pour cause, si la connaissance d’un objet a pour base sa visi- 
bilité, les erreurs possibles sont, elles, relatives à la perception. Pourse 
préserver des illusions dûes à la vision, Je jugement a besoin dès lors non 
d’une dialectique, mais d'une optique géométrique, Bien qu'on ne puisse 
indiquer un concept de base unique à toutes les significations de mofna, il 
est assez manifeste que dans divers contextes Ibn al-Haytham recourt à 
ce terme à un niveau de réflexion systématique. Déjà en 1834 dans son article 
Traité des connues géométriques d'Ibn Alhaïtham ” M. L. Sédillot avait 
attiré l'attention eur la ” géométrie spéculative ” de celui-ci où l'opinion 
(mafnä où zann ) immuable, considérée une évidence inébranlable, joue un 
grand rôle? Que l'opinion est un mot-clé dans la terminologie épistémolo- 
gique d'Ibn al-Haytham ressort plus clairement encore dans un autre ouvrage. 
Son commentaire sur les Éléments d'Euclide commence ainsi par les mots : 


* Chaque opinion { mofnd ) dont la vérité est oliieure er dont les propriétés sont au début 
cachées. est roumine au doute, Et pour celui qui est rebelle à la vérité et qui doute, le che) 
{ani conduit) à ses opiniâtretés est large. 
moins qu'il ne vérifie une opinion 
élaborés lui-même et dont la vérification (suha) prend forge dans sa raison (‘aql) "24 . 


31, Cf. M. Schramm, op, cf. ; 206 ; 211. 
22, Cf. Journal asiat. ; XI (1434), 435 ff. Voir ausei s r à l'histoire comparée 
des sciences mathématiques chez les Green et les Orientaux + 2 volumes , Paris 1845 — 1849. vol. 
1, She. 
23. ‘Qiyäs" ciguifie aussi ‘mesure* où analogie” . Dans Je contexte présent là traduétion ‘méthode 
mous semble être la plus appropriée. 
24, Kb fi Hall Shukäke Kiväb Uglidis file Ugül wa Shark Ma‘énihi (Publications of the Inst. for 
the Hist. of Arabie- Islamic Science, C, Facsimile Editions, vol. 11), Frankfurt a, M. 1985, 2. 
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la Grande Optique ( Kitab al-Manäzir ) d'Ibu al-Haythaw, sura est À" espèce 
générale © conçue d'après la perception visuelle répétée? d'un objet 
quelconque. Elle n’est done ni dérivée d'un principe ni le résultat d'un proces- 
sus d'abstraction.# Par ailleurs, dépendant d'un objet extérieur à la pensée 
l'espèce générale reste sujette à des modifications qui ont leur fondement 
dans les lois optiques, Le jugement a ainsi effectivement pour point de dé- 
part le domaine du sensible qui, en retour, trouve au moyen de l'optique 
géométrique un pendant constamment is en cause et rectifié dans la raison. 
L'apport des mathématiques appliquées semble ainsi se réduire à la fonction 
d’un instrument de précision susceptible lui-même d'être continuellement 
rectifé Une analyse plus poussée du rapport complexe entre physique et 
mathématiques dépasserait de loin le cndre de cette introduction à la 
Quadrature du cercle d'Ibn al-Haytham. On peut néanmoins retenir deux 
aspects fondamentaux. 19 l'épistémologie d’Ibn al-Haytham a pour base 
la visualité du monde et la faculté de la raison (‘agl) de former à l'aide des 
lois optiques des images intérieures cantinuellement vérifiables et servant 
à rendre intelligibles les objets extérieurs. 20 la connexité entre la raison, la 
faculté de former des images (imagination) et de les tenir présentes (mémoire) + 
sans cette dernière une rectification serait impossible puisque la perception 
devrait toujours recommencer à zéro - est si étroite qu'il n°y a pratiquement 
pas de différence entre voir et comprendre + dans la Grande Optique, en effet, 
percevoir visuellement est comprendre immédiatement.® Si, de surcroît, 
le jugement (ray) dans lequel culmine et l'expérience visuelle et la reconstruc- 
tion géométrique dans la raison a lui-aussi , considéré étymulogiquement, 
une connotation visuelle, rien de moins surprenant : ray dérive, en effet, 
de la racine ra‘à * voir ”, 


16, Le terme est emprunté à G. Féderiei- Vescovini + ** Contributo per la storin della fortuna di 
Alhuzen in Jealia : il volgarisumento del ms, Vat. lat. 4595 e iL' commentario terco * del Ghi- 
berti** Rinosoimento , 2e série, vol. V (1965), 17 49 , 27 :** espèce générale ** donne une idée 
assez exacte de ce qu'entend Thu al-Haytham par sura, pourvu qu'on tienne compte de ce qu'il 

git d'une espèce conçue visuellement. 


17. Ibn al-Haytham distingue entre ane perception qui a lieu selon tousles rayons qui frappent 
œil ( daux là version latine de l'édition Risner, ospeetus ). et une qui survient selon le seul rayon 
perpendiculaire et qui, pur là, est perception plus distincte (intuitio) . Evidemment, c'est par la 
perception intuitive que se fuit la vérification de l'espèce géuérale (ef. F. Résner, Opricae thesourus 
Alhazeni Arabis Hibri sep Bôle 1572, 11, 62- 64, pp. 66 64 ). 


18. Cf. G. Federici. Vescouini, op. cit, 26 45. 


19, D'uutre part, au début de son discours sur la lumière Tbn al- Haytham déclare que seules physique 
et mathématiques prises ensembles peuvent réwssir àexpliquerce qu'est In lumière, l’une sa 
nature (mahiyya : quidditas) les autres sa modalité (kaÿfiyya : qualitas). — Pour une traduction 
française de ce discours ef. R. Rashed, Reyue d'histoire des sciences, 21 (1968), 197-294. 


20. G£ op. cit. éd. Risner, IT, 65 , p. 68 
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le cas, les spéculations sur les phénomènes naturels, d’autre part être insérées 
dans un contexte physique et perdre par là leur caractère foncièrement hy- 
pothétique C'est ainsi qu'ibn al- Haytham subetitua au modèle ptolé- 
mique une conception plus appropriée à l'expérience du moude : 
*! Les monvements de cercles et le point fictif que Ptolémée avait considérés d'une manière 
entièrement abstraite, nous les placerons dans des sufraces éphériques où planes qui seront 
animées des mêmes mouvements. Cela, en effet, constitue une représentation plus 
et, en même temps. plus claire à l'intélligence "M1 


Le concours mutuel envisagé par Ibn al-Haytham entre physique et 
mathématiques appliquées, resté aujourd'hui encore mutatis mutandis un 
idéal scientifique, n’est pas facile à saisir, De plus, les écrits sur la méthode 
d'Iba al-Haythan qui auraient pu fournir quelques renseignements précieux 
quant à son approche et scientifique et épistémologique ont péri. Pourvu 
qu'on élabore certains concepts de base, il est cependant possible de recon- 
struire à partir de quelques autres écrite, pour le moins schématiquement, le 
fond systématique de sa pensée, Su autobiographie fournit ainsi un irdice 
fort intéressant, d'autant plus important si, comme Moritz Steinschneider 
le soutient dans son édition des ” Vite di matematici arabi ”, ce témoignage 
d'Ibn al-Haytham a fait partie d’un ouvrage où il aurait affirmé le primat 
des sciences sur la foi. Ibn al-Haytham commence par y décrire l’anxiété 
et le désir de savoir qui l'habitaient jusqu’à ce qu'il reconnut qu'il ne pouvait 
“atteindre à la vérité que par des jugements ( ard' ) dont Le fondement ( “unqur) est le domaine 
du sensible (umär hissiyya) etla forme (ra) le domaine de La raison (umär “aglivya) "16 . 
On ne comprend la portée de cet aveu qu'en approfondissant le concept 
de forme. Eu fait, le terme arabe jüra signifie, tout crmme le grec eidos, image + 
sans toutefois correspondre au concept aristotélicien de forme. Dans 


10, Pour plus de détails ef. l'excellent ouvrage de Matthiss Schramm: Ton al- Hayihams Weg sur 
Physik (Boethius - Texte und Abhandlungen zur Geschichte der exnkten Wisenechaften, vol: 
1), Wicsbadeu 1963 , 5 - 63 . 

11. P. Duhem : ‘* Le Résumé d'Astronorio d'Tbn Al-Haituun ‘', Le Système du monde, vol, 11, Paris 
1914, 119 129, 122. - Cette eritique à l'égard de Ptolémée n'a rien à voir avec! le réalisme des 
arabes (cf. ibid. , 117) , mais résulte tout simplement d'une réflexion de méthode . 

13. CE Matthias Sehramm, np. eit. ; 12. 

18, GE. M. Sreinachneider :** Vite di matematici arobi. Trntte du un opera inedita di Bernardino 

Bulletina di bibliogr. e di storia dell se. mat, efis. «5 (1812) 427 — 534 , 466 . 

14. Ibn Abi Ugaibi‘a, op. cit. ,93. = M. Schramm intervieut ponr sa traduction dans letexteet 
remplace * ennani' par * annahu* en sorte que * asilu* devienne fagl' (ef. op. eit. , 10) mais il n'y 
a aucune raison à cela. Cette partie de la phrase est tout à fait compréhensible telle qu'elle est. 

15. Pour le débat autour des termes " forma’ et "species" dans les traités d'optique de Robert Gros- 
seteste, Roger Bacon, Joln Pechum et Vitello ef. V. Ronchi, Storia della luce, Bologna 1952 ainei 
que D, C. Lindberg,** Alhaven's Theory of Vision and its Reception in the West‘, ais, 58 (1067), 
321-341. I faut se demander si là question soulevée dansce débat n'est pas superflue du 
moment où 1e terme ‘forma’ est tout simplement dû à la traduction latine de la graude Optique 
et n'explique en soi rien à la coneeption spécifique d'Ibn al. Haytham, 
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de ce titre dont nous ayons connaissance depuis Archimède n'ait pas 
encore été analysé. En 1899, finalement, Heinrich Suter entreprit l'édition 
de cet écrit d'Ibn al- Haytham.6 Mais depuis, ce traité est tombé dans 
l'oubli et c'est à peine s'il figuré dans quelque bibliographie. Une raison 
en est certainement que Suter, historien des mathématiques et orientaliste 
passionné, a été déçu de la solution avancée par Ibn al-Haytham. À son 
avis, cette Quadrature du Cercle est 


une singulière mixture de vérités géométriques et d'arguments philosophiques, elle 
n'offre pas de démonstration complète, ;; ; mais donne uniquement une preuve 
mi-mathématique, mi-philorophique de la possibilité de la quadrature 8 . 
En fait, pour apprécier ce traité, il faut commencer par tenir compte du 
publie auquel il s'adresse. Dans sa quadrature Ibn al-Haytham n’a pas les 
mathématiciens en vue. Bien au contraire, il oppose sa propre opinion à 
celles des philosophes ou plus exactement de ceux qui se sont adonnés à 
la philosophie, car il ne parle pas de falasifa, terme commun pour désigner 
les philosophes, mais de mutafalsifun. Ce sont ces derniers qu'il veut 
convaincre de la possibilité de la quadrature — quant à ceux qui attendent 
une démonstration mathématique, il promet à la fin de sa quadrature 
un autre traité qui n'a toutefois pas Été transmis jusqu'à nous où qui 
n'a peut-être jamais été rédigé. Mais eu quoi peut consister une 
solution philosophique d'un problème mathématique? Nicolas de Cuse, 
pour citer un exemple célèbre, avait pris pour point de départ de sa 
quadrature du eerele le principe de la coïncidence des opposés et avait même 
songé à la possibilité de parfaire pur là les mathématiques." Il en est au- 
trement d’Ibn al-Haytham: le pivot sur lequel reposent philosophie et mathé- 
matiques ne réside pas pour lui dans un principe philosophique applicable 
aux deux domaines, mais dans son épistémologie. Il n’a ainsi jamais situé 
son idéal scientifique dans les mathématiques pures. Son but était bien au 
contraire de travailler à une synthèse de la physique (aristotélicienne) et des 
mathématiques appliquées, c’est-à- dire, dans son cas, l'astronomie et l'op- 
tique. Ces dernières devaient par leur précision consolider ou corriger , selon 


5. Murits Gantor : Vorlesungen üher die Geschichte der Mathematik, 2e éd. , Leipzig 1893 ; vol. ] , 744. 


6. Heinrich Suter : ** Die Kreisquadratur des Ibn a1- Haitum. Zum ersten Mal nach den Manuskripten 
der kinigl. Bibliothek in Berlin und des Vatikane bg, u. übets®*, Zeitchrifi Für Mathematik und 
Physik, hist, - liter. Abt. . 44 (1899), 33 - A7. 


7. Quoiqu'eu dise Giorgio Nobbia, Helmut Ritter. 
nel millesimo anniversario della wascita !* , Ph 
214, 191), Ritter se contente à l'endroit indiqué de 


8 HE Suter, op. cit. » 14. 


pas travaillé sur ce traité (ef, *’Ebn al-Haythaon 
rivista di storia della sciensa, 9 (1967), 165 — 
onner l'écrit en question, 


9. * lutentio est. ex oppositorum coincidentin mathematicam veari perfectionem “* (De mathematien 
perfectione, pars IL. fol, 101 r, Nicolai Cusae cardiaalis opera, Parieiis 1514, H—réimprimé Franc 
fort 1962) . 


La Quadrature du cercle d’Ibn al-Haytham 


Solution philosophique où mathématique ? 


TAMARA ALBERTINI* 


Abu “Ali al-Hasan ibn al-Hasan ibn ol-Haythom ( 965 — 1040 )! 
devenu célèbre dans le monde latin pour son ouvrage d’Optique® à traité 
divers problèmes d'ordre mathématique, astronomique, mécanique, poli- 
tique et philosophique. Il s'est en outre intéressé à la médecine, heureuse. 
ment peut-on observer, puisque c'est grâce à ce dernier penchant qu'une 
longue liste de ses ouvrages nous est parvenue. Ibn Abr Usaibi‘a ( 1203 - 
1270), lui-même médecin de profession, s’est ainsi chargé de transmettre et 
compléter dans son histoire des médecins l’autobiographie d'Ibn al-Haytham 
et la liste d'ouvrages que celui-ci y avait dressée. Dans la liste supplé- 
mentaire d'Ibn Abr Usaibi‘a figure aussi le traité sur la Quadrature du cercle 
( magäla fi tarbi® addd'ira ). Au sièele dernier, l'existence de ce traité était 
connue au plus tard depuis l'ouvrage de F. Woepeke sur ‘Omar al-Khayyam 
où 117 écrits d'Ibn al-Haytham sont mentionnés‘, Moritz Cantor pouvait 
ainsi déplorer en 189 que ce traité sur la Quadrature du cercle, ” le premier 


* Institut für Geistesgeschichte und Philosophie, Universität Munchen, Gennany . 


1: Pour d'ultérieures données biographiques et ure vue d'ensemble sur l'oeuvre d’ Ibn al-Haythaur 
ef. l'article de A. I, Sabra dans : Dictionary of Scientifie Biography, vol. VE, 189-210. 


2. A. I. Sabra a publié le texte original srabe ; Al- Hasan ibo al- Hasan ibn l- Haytham, Kitäb al- 
Mandzir, Livres L- TL , avec glossaire arabe- latin et tables de concordance, Kuwait 1983 ; 
qu'ane traduction anglaise : The Opties of Jon _Al- Hayiham, Livres 1 TL ; sur la vision directe, 
trad. avec introd, et comm. (Studies of the Warburg Justitute, 40), Londres 1989. Nous citons 

lessons selon l'ancienne édition de Friedrich Risner + Opiiene thesaurus Alhazer 

+ Bâle 1572 (reprint New York 1972). 

3, Cf. bn Abï Uyuibi‘a : “Uyän al Anbé'  abagôt at-Ayibbà", 2 volumes , éd. par August Müller, 
Le Caire/Künigsberg 1842 - 1884, vol, 2, 90 ss. [urad, fr. par B. R. Sanguinerti, Journal asiatique, 
V, 3,230 e.; 8, L7Bar. (1854); 5, 4OL »s. : 6, 1290. (1855): 8, 3162, (1856) ] ; pour une traduction 
allemande de l'autobiogrephie ef. Eilhard WFiedemonn : ** Ibn ale Haitom, ein arabischer Gelebr- 

Festichrifi für J. Rosental, Leiprig 1906, 149 - 178. 


4. WPospeke,F. : L'Algèbre d'Omar Alkhayyami, Paris 1851, as 


à pour quelques eorreetions ef . 


Heinrich Suter : Die Mothematiker und Astronomen der Araber und ihre Werke (reprint New York 
1972 ) , Leipaig 1900, 92 s. - Beruardino Baldi cite daus les * Vite di matematici arabi** (éd. par 
dé atoria déllese, mat, e fs, S(1872 ), 427-534 ) une 


M. Sicinsehneider, Bulletino di bibliogr. 
traduction latine de la quadrature du cercle par Pietro della valle qui n'a cependant pas é 
mise jusqu'à nous. 


trans 
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Editorial 


We regret that the *J. H. A. 8." had stumbled and retarded for 
reasons out of our will. Now it is coming 10 the light again, 


Our most gratefulness to all our subscribers, of researchers and acier 
tific institutions, for their patience and understanding to our accidental 
circumstances, hoping in return that the publication schedule of the Journal 
will be, from now on, regular as before, i. e. one volume per year, 


As it is not possible to publish volumes for the former period , we 
considered the period between 1985 —1990 a period of suspension but with the 
maintenance of the volumes’ succession and, consequently, the whole rights 
of the subscribers are respected . 


In this very volume you will find the persistent works of the resear- 
chers in their trial to revesl the scientific heritage of the Arabic and Islamic 
civilization. This volume. therefore, includes various ard rich articles dealing 
with diverse topics in medicine, astronomy and mathematics. 


Prof. Khaled MAGHOUT, D. Se, 
Director I. H. A. 5, 


